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REPORT  OF  THE  PROCEEDINGS 


Forty-first  Annual  Convention 


AMERICAN  RAILWAY 
MASTER  MECHANICS'  ASSOCIATION 


{INCORPORATED) 


HBLD   AT 


ATLANTIC  CITY,  N.  J., 

Juae  22,  23  mad  24,  1908. 


CHICAGO: 

THE  HENRY  O.  SHEPARD  COMPANY.   • 
120-130  Sherman  Street, 
1908. 
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MMVKRO  OOUEBt  IIB«»*' 
BECEIVtO  THROUQH  THE 
GUAOUfcTt  SCHOOL  OH  2 

BUSINESS  Ik0«l"l«"*l»<* 

MAY  iJO  .v;7i 
Sci   l520.534jQp^p^IQ^J^3   FOR  1908-1909. 

Elected  at  the  Close  of  Convention  of  1908. 


PRESIDENT. 


H.  H.  VAUGHAN,  Asst.  to  Vice-Prest.,  Canadian  Pacific  Ry.,  Montreal, 
Can. 

FIRST  VICE-PRESIDENT. 
G.  W.  WILDIN,  M.  S.,  N.  Y.  N.  H.  &  H.  R.  R.,  New  Haven,  Conn. 

SECOND  VICE-PRESIDENT. 
C.  E.  FULLER,  S.  M.  P.  &  M.,  Union  Pacific  R.  R.,  Omaha,  Neb. 

THIRD  VICE-PRESIDENT. 
J.  E.  MUHLFELD,  G.  S.  M.  P.,  B.  &  O.  R.  R.,  Baltimore,  Md. 

TREASURER. 
ANGUS  SINCLAIR,  New  York  City. 

EXECUTIVE  MEMBERS. 

♦  C  A.  SELEY,  M.  E.,  C.  R.  I.  &  P.  Ry.,  Chicago,  111. 

*  JOHN  HOWARD,  S.  M.  P.,  Nv  Y.  C  &  H.  R.  R.  R.,  New  York  City. 

♦  F.  M.  WHYTE,  C.  M.  E.,  New  York  Central  Lines,  New  York  City. 
t  H.  T.  BENTLEY,  A.  S.  M.  P.,  C.  &  N.-W.  Ry.,  Chicago.  111. 

t  T.  RUMNEY,  M.  S.,  Erie  R.  R.,  New  York  City. 
t  T.  H.  CURTIS,  S.  M.,  L.  &  N.  R.  R.,  Louisville,  Ky. 

SECRETARY. 
JOS.  W.  TAYLOR,  390  Old  Colony  Building,  Chicago,  111. 

*  Term  expires  June,  1909. 
t  Term  expires  June,  1910. 
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CONIMIXTEES  SELECTED  P®P«»THE 
1909   CONVENTION. 


STANDING  COMMITTEES. 
Mechanical  Stokers: 

T.  RUMNEY  (Chairman),  M.  S.,  Erie  R.  R.,  New  York  City. 

D.  F.  CRAWFORD,  G.  S.  M.  P.,  Penna.  Lines,  Pittsburgh,  Pa. 

C.  E.  GOSSETT,  M.  M.,  Iowa  Central  R.  R.,  Marshalltown,  Iowa. 

F.  H.  CLARK,  G.  S,  M.  P.,.C.  B.  &  Q.  R.  R,  Chicago,  III 
GEO.  HODGINS,  114  Liberty  street,  New  York  City. 

SPECIAL  COMMITTEES. 

/. — Revision  of  Standards: 

W.  H.  V.  ROSING  (Chairman),  M.  E,  Mo.  Pacific  Ry.,  St.  Louis,  Mo. 
T.  W.  DEMAREST,  S.  M.  P.,  Penna.  Lines,  Ft.  Wayne,  Ind. 
C.  B.  YOUNG,  M.  E.,  C.  B.  &  Q.  R  R,  Chicago,  111. 

E.  T.  WHITE,  S.  M.  P.,  B.  &  O.  R  R,  Baltimore,  Md. 

G.  W.  WILDIN,  M.  S.,  N.  Y.  N.  H.  &  H.  R.  R,  New  Haven,  Conn. 

J. — Motor  Cars: 

J,  K  MUHLFELD  (Chairman),  G.  S.  M.  P.,  B.  &  O.  R.  R,  Baltimore,  Md. 

R.  N.  DURBOROW,  S.  M.  P.,  Penna.  R.  R.,  Altoona,  Pa. 

C  E.  FULLER,  S.  M.  P.  &  M.,  Union  Pacific  R.  R.,  Omaha,  Neb.        ^ 

A.  W.  HORSEY,  M.  E,  Can.  Pac  Ry.,  Montreal,  Can. 

J.  H.  MANNING,  S.  M.  P.,  D.  &  H.  Co.,  Albany,  N.  Y.  j 

5. —  Castle  Nuts: 

R.  B.  KENDIG  (Chairman),  M.  E,  L.  S.  &  M.  S.  Ry.,  Cleveland,  Ohio. 

J.  F.  DE  VOY,  M.  E.,  C.  M.  &  St.  P.  Ry.,  West  Milwaukee,  Wis. 

G.  S.  EDMONDS,  M.  M.,  D.  &  H.  Co.,  Onconta,  N.  Y. 

J.  N.  MOWERY,  M.  E,  L.  V,  R.  R.,  South  Bethlehem,  Pa. 

JNO.  PLAYER,  Amer.  Loco.  Co.,  Dunkirk,  N.  Y. 

W.  L.  AUSTIN,  Baldwin  Loco.  Works,  Philadelphia,  Pa. 

H.  P.  MEREDITH,  A.  E.  M.  P..  Penna.  R.  R.,  Altoona,  Pa. 


Digitized  by  VjOOQIC 


J 


4» — Safety  Valves: 

R  M.  GILBERT  (Chairman),  M.  R,  N.  Y.  C.  &  H.  R.  R.  R.,  New  York 

City. 
JAS.  MILLIKEN,  S.  M.  P..  P.  B.  &  W.  R.  R.,  Wilmington,  Del. 
W.  D.  ROBB,  S.  M.  P.,  Grand  Trunk  Ry.,  Montreal,  Can. 
M.  H.  WICKHORST,  Engr.  Tests,  C  B.  &  Q.  R.  R.,  Aurora,  111. 
J.  G.  NEUFFER,  S.  M,  Illinois  Central  R.  R.,  Chicago.  III. 

5. —  Superheaters: 

Le  grand  PARISH  (Chairman),  S.  M.  P.,  L.  S.  &  M.  S.  Ry.,  Cleve- 
land, Ohio. 
GRANT  HALL,  S.  M.  P.,  Can.  Pac.  Ry.,  Winnipeg,  Man. 
R.  D.  HAWKINS,  M.  E.,  Great  Northern  Ry.,  St.  Paul,  Minn. 
W.  R  BUCK,  S.  M.  P.,  A.  T.  &  S.  R  Ry.,  Chicago,  111. 
C.  A.  SELEY,  M.  E.,  C  R.  I.  &  P.  Ry.,  Chicago,  111. 

6. —  Widening  Gauge  on  Curves: 

F.  M.  WHYTE  (Chairman),  C.  M.  E.,  New  York  Central  Lines,  New 

York. 
W.  H.  LEWIS.  S.  M.  P.,  N.  &  W.  R.  R..  Roanoke.  Va. 

F.  C.  CLEAVER,  S.  M.  P.,  Rutland  R.  R.,  Rutland,  Vt. 

r,^  Steel  Tires: 

A.  W.  GIBBS  (Chairman),  G.  S.  M.  P.,  Penna.  R.  R.,  Altoona,  Pa. 
A.  STEWART,  G.  S.  M.  P.,  Southern  Ry.,  Washington,  D.  C. 
WM.  MOIR,  S.  M.  P.,  Northern  Pacific  Ry.,  St.  Paul,  Minn. 
H.  J.  SMALL,  G.  S.  M.  P.,  Southern  Pacific  Co..  San  Francisco,  Cal. 

G.  O.  HAMMOND,  M.  E.,  Erie-R.  R.,  Meadville,  Pa. 

5.—  Tender  Trucks: 

H.  T.  BENTLEY  (Chairman),  A.  S.  M.  P.,  C.  &  N.-W.  Ry.,  Chicago,  111. 

JOHN  HAIR,  S.  M.  P.,  B.  &  O.  S.-W.  Ry.,  Cincinnati,  Ohio. 

A.  E.  MANCHESTER,  S.  M.  P.,  C.  M.  &  St.  P.  Ry.,  West  Milwaukee, 

Wis. 
J.  R  WALSH,  S.  M.  P.,  C.  &  O.  Ry.,  Richmond,  Va. 
T.  H.  CURTIS,  S.  M.,  L.  &  N.  R.  R.,  Louisville,  Ky. 
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9. —  Fuel  Economies: 

W.  C  HAYES  (Chairman),  S.  L.  O.,  Erie  R.  R.,  New  York. 
R-  P.  C  SANDERSON.  S.  Uk  P.,  Virginian  Ry.,  Norfolk,  Va. 

D.  R.  MacBAIN,  a.  S.  M.  P.,  N.  Y.  C.  &  H.  R.  R.  R.,  Albany.  N.  Y. 
T.  B.  PURVES.  JR..  S.  M.  P.,  D.  &  R.  G.  R.  R.,  Denver,  Colo. 

W.  H.  WILSON,  S.  M.  P.,  B.  k.  &  P.  Ry.,  Du  Bois,  Pa. 

10. —  Lubricating  Material  Economies: 

T.  S.  LLOYD  (Chairman),  S.  M.  P.,  D.  L.  &  W.  R.  R.,  Scranton,  Pa. 

E.  D.  BRONNER,  S.  M.  P.,  Michigan  Central  R.  R.,  Detroit,  Mich. 

E.  R  NEEDHAM,  S.  L.  &  C  D.,  Wabash  Ry.,  Springfield,  111. 
T.  ROOPE,  S.  M.  P.,  C  B.  &  Q.  R.  R.,  Lincoln,  Neb. 

G.  J.  De  \aLBISS,  S.  M.  P.,  Hocking  Valley  Ry.,  Columbus,  Ohio. 

II. —  Revision  of  Constitution  and  By-Laws: 

D.  R  CRAWFORD  (Chairman),  G.  S.  M.  P.,  Penna.  Lines,  Pittsburgh, 
Pa. 

F.  H.  CLARK,  G.  S.  M.  P.,  C.  B.  &  Q.  R.  R.,  Chicago,  111. 
T.  H.  CURTIS,  S.  M.,  L  &  N.  R.  R.,  Louisville,  Ky. 

12. —  Subjects: 

ROBERT  QUAYLE  (Cliairman),  S.  M.  P.,  C  &  N.-W.  Ry.,  C:hicago,  111. 
WM.  Mcintosh,  S.  M.  p.,  C.  R.  R.  of  N.  J.,  jersey  City,  N.  J. 
P.  MAHER,  S.  M.  P.,  C.  &  A.  R.  R.,  Bloomington,  111. 

13. —  Arrangements: 
H.  H.  VAUGHAN. 
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CONSTITUTION  AND  BY-LAWS. 


ARTICXE  I. 

NAME. 

The  name  of  this  Association  shall  be  the  "American  Railway  Master 
Mechanics'  Association." 

ARTICLE  II. 

OBJECTS  OF  ASSOCIATION. 

The  objects  of  this  Association  shall  be  the  advancement  of  knowledge 
concerning  the  principles,  construction,  repair  and  service  of  the  rolling 
stock  of  railroads,  by  discussions  in  common,  the  exchange  of  information, 
and  investigations  and  reports  of  the  experience  of  its  members;  and  to 
provide  an  organization  through  which  the  members  may  agree  upon  such 
joint  action  as  may  be  required  to  give  the  greatest  efficiency  to  the  equip- 
ment of  railroads  which  is  intrusted  to  their  care. 

ARTICLE  III. 

MEMBERSHIP. 

Section  i.  The  following  persons  may  become  active  members  of  the 
Association  on  being  recommended  by  two  members  in  good  standing,  sign- 
ing an  application  for  membership  and  ag^'cement  to  conform  to  the  require- 
ments of  the  Constitution  and  By-Laws,  or  authorizing  the  Secretary  to 
sign  the  Constitution  for  them: 

(i)  Those  above  the  rank  of  general  foreman,  having  charge  of  the 
design,  construction  or  repair  of  railway  rolling  stock. 

(2)  General  foremen,  if  their  names  are  presented  by  their  superior 
officers. 

(3)  Two  representatives  from  each  locomotive  and  car  building 
works. 

•  (4)  One  representative  member  may  be  appointed  by  any  railroad 
company  to  represent  its  interests  in  the  Association.  Such  appointment 
shall  be  in  writing  and  shall  emanate  from  the  President,  General  Manager 
or  General  Superintendent.  Such  member  shall  have  all  the  privileges 
of  an  active  member,  including  one  vote  on  all  questions,  and,  in  addition 
thereto,  shall,  on  all  measures  pertaining  to  the  determination  of  what  tests 
shall  be  conducted  by  the  Association  or  the  expenditure  of  money  for 
conducting  same,  have  one  additional  vote  for  each  full  one  hundred 
engines  which  are  in  actual  operation  or  in  process  of  purchase  by  the  road 
or  system  which  he  repfesents.  Such  membership  shall  continue  until 
notice  is  given  the  Association  of  his  withdrawal  or  the  appointment  of 
his  successor. 

Sec.  z    Civil  and  mechanical  engineers,  or  other  persons  having  such 
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a  knowledge  of  science  or  practical  experience  in  matters  pertaining  to  the 
construction  of  rolling  stock  as  would  be  of  special  value  to  the  Associa- 
tion or  railroad  companies,  may  become  associate  members  on  being  recom- 
mended by  three  active  members.  The  name  of  such  candidate  shall  then 
be  referred  to  a  committee,  to  be  appointed  by  the  President,  which  shall 
investigate  the  fitness  of  the  candidate,  and  report  to  the  Executive  Com- 
mittee of  the  Association  at  the  next  annual  meeting.  If  the  report  be 
unanimous  in  favor  of  the  candidate  the  name  shall  be  submitted  to  letter 
ballot,  and  five  dissenting  votes  shall  reject  The  number  of  associate 
members  shall  not  exceed  twenty,  and  they  shall  be  entitled  to  all  the 
privileges  of  active  members,  excepting  that  of  voting. 

Sec.  3.  (i)  All  members  of  the  Association,  excepting  as  hereafter 
provided,  shall  be  subject  to  the  payment  of  such  annual  dues  as  it  may  be 
necessary  to  assess  for  the  purpose  of  defraying  the  expenses  of  the  Asso- 
ciation, provided  that  no  assessment  shall  exceed  $5  a  year. 

(2)  A  representative  member  shall  pay  in  addition  to  his  personal  dues 
as  above,  an  amount  for  each  additional  vote  to  which  he  is  entitled,  as 
shall  be  determined  each  year  by  the  Executive  Committee,  prorated  upon 
the  cost  of  conducting  such  tests  as  may  be  determined  upon  at  each  con- 
vention, provided  that  no  such  assessment  shall  exceed  $5  per  vote  per 
year. 

Such  dues  shall  be  payable  when  the  amount  thereof  is  announced  by 
the  President,  at  each  annual  meeting.  Any  member  who  shall  be  two  years 
in  arrears  for  annual  dues,  shall  be  notified  of  the  fact,  and  if  the  arrears 
are  not  paid  within  three  months  after  such  notification,  his  name  shall  be 
taken  from  the  roll  and  he  be  duly  notified  of  the  same  by  the  Secretary. 

Sec.  4.  Any  person  who  has  been  or  may  be  duly  qualified  as  a  mem- 
ber of  this  Association  will  remain  such  until  his  resignation  is  voluntarily 
tendered,  or  he  becomes  disqualified  by  the  terms  of  the  Constitution. 
Members  whose  names  have  been  dropped  for  non-payment  of  dues  may 
be  restored  to  membership  by  the  unanimous  consent  of  the  Executive 
Committee  on  the  pa3rment  of  all  back  dues. 

Sec  5.  Members  of  the  Association,  active  or  associate,  who  have 
been  in  good  standing  for  not  less  than  five  years,  and  who  through  age  or 
other  cause  cease  to  be  actively  engaged  in  the  mechanical  department  of 
railway  service,  may,  upon  the  unanimous  vote  of  the  members  present  at 
the  annual  meeting,  be  elected  honorary  members.  The  nominations  must 
be  made  by  the  Executive  Committee.  The  dues  of  the  honorary  mem- 
bers shall  be  remitted,  and  they  shall  have  all  the  privileges  of  active 
members  except  that  of  voting. 

Sec.  6.  Any  member  who,  during  the  meetings  of  the  Association, 
shall  be  guilty  of  dishonorable  conduct  which  is  disgraceful  to  a  railroad 
officer  and  a  member  of  the  Association,  or  shall  refuse  to  obey  the  chair- 
man when  called  to  order,  may  be  expelled  by  a  two-thirds  affirmative 
vote  at  any  regular  meeting  of  the  Association  held  within  one  year  from 
the  date  of  the  offense. 
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ARTICLE  IV. 

OFFICERS. 

SscnoN  I.  The  officers  of  the  Association  shall  be  a  President,  a 
First  Vice-President,  a  Second  Vice-President,  a  Third  Vice-President,  a 
Treasurer,  a  Secretary,  and  six  Executive  members,  the  six  Executive 
members  with  the  President,  Vice-Presidents  and  Treasurer  shall  con- 
stitute the  Executive  Committee,  and  they,  with  the  exception  of  the 
Secretary,  shall  constitute  the  Executive  Committee  of  the  Association. 

ARTICLE  V. 

DUTIES  OP  OFFICERS. 

Section  i.  It  shall  be  the  duty  of  the  President  to  preside  at  all  the 
meetings  of  the  Association,  ap'point  all  committees  —  designating  the 
chairman  —  except  as  hereinafter  provided,  and  approve  all  bills  against 
the  Association  for  payment  by  the  Treasurer. 

Sec  2.  It  shall  be  the  duty  of  the  Vice-Presidents,  according  to  rank, 
to  perform  the  duties  of  the  President  in  his  absence  from  the  meetings  of 
the  Association. 

Sec.  3.  In  case  of  the  absence  of  both  President  and  Vice-Presidents, 
the  members  present  shall  elect  a  President  pro  tempore. 

Sec.  4.  It  shall  be  the  duty  of  the  Secretary  to  keep  a  full  and  correct 
record  of  all  transactions  at  the  meetings  of  the  Association;  to  keep  a 
record  of  the  names  and  places  of  residence  of  all  members,  and  the  name 
of  the  railway  they  each  represent ;  to  certify  to  the  persons  who  are  eligi- 
ble as  candidates  for  the  Association's  scholarships  at  the  Stevens  Insti- 
tute of  Technology;  to  receive  and  keep  an  account  of  all  money  paid  to 
the  Association  and  deliver  the  same  to  the  Treasurer,  taking  his  receipt 
for  the  amount;  to  receive  from  the  Treasurer  all  paid  bills,  giving  him 
a  receipted  statement  of  the  same. 

Sec  5.  It  shall  be  the  duty  of  the  Treasurer  to  receive  all  money  from 
the  Secretary  belonging  to  the  Association ;  to  receive  all  bills  and  pay  the 
same,  after  having  approval  of  the  President;  to  deliver  all  bills  paid  to 
the  Secretary  at  the  close  of  each  meeting,  taking  a  receipted  statement  of 
the  same  and  to  keep  an  accurate  book  account  of  all  transactions  pertain- 
ing to  his  office. 

ARTICLE  VI. 

EXECUTIVE  COMMITTEE. 

Section  i.  The  Executive  Committee  shall  exercise  a  general  super- 
vision over  the  interests  and  affairs  of  the  Association,  recommend  the 
amount  of  the  annual  assessment,  to  call,  to  prepare  for,  and  to  conduct 
general  conventions,  and  to  make  all  necessary  purchases,  expenditures  and 
contracts  required  to  conduct  the  current  business  of  the  Association,  but 
shall  have  no  power  to  make  the  Association  liable  for  any  debt  to  an 
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amount  beyond  that  which  at  the  time  of  contracting  the  same  shall  be  in 
the  Treasurer's  hands  in  cash,  but  not  subject  to  prior  liabilities.  All 
expenditures  for  special  purposes  shall  only  be  made  by  appropriations 
acted  upon  by  the  Association  at  a  regular  meeting. 

Sec.  2.  The  Executive  Committee  shall  receive,  examine  and  approve 
before  public  reading,  all  communications,  papers  and  reports  on  all 
mechanical  and  scientific  matters;  they  shall  decide  what  portion  of  the 
reports,  papers  and  drawings  shall  be  submitted  to  each  convention  and 
what  portion  shall  be  printed  in  the  annual  report. 

Sec  3.  Five  members  of  the  Executive  Committee  shall  constitute  a 
quorum  for  the  transaction  of  business. 

Sec.  4.  The  Executive  Committee  shall  form  with  a  committee  of  the 
Master  Car  Builders'  Association  a  Joint  Committee  to  decide  on  the  place 
of  meeting  for  the  annual  convention. 

ARTICLE  VII. 

ASSOCIATION  SCHOLARSHIPS. 

It  shall  be  the  duty  of  the  Secretary  to  issue  a  circular  annually,  inti- 
mating the  date  and  place  when  and  where  candidates  may  be  examined  for 
the  scholarships  of  the  Association  in  the  Stevens  Institute  of  Technology, 
Hoboken,  New  Jersey. 

Acceptable  candidates  for  the  scholarship  shall  be,  first,  sons  of  mem- 
bers or  of  deceased  members  of  the  Association.  If  there  is  not  a  sufficient 
number  of  such  applicants  for  the  June  examination,  then  applications  will 
be  received  from  other  railroad  employes  or  the  sons  of  other  railroad 
employes  for  the  fall  examination.  The  Secretary  shall  issue  a  proper 
circular  in  this  case  as  before.  In  extending  the  privilege  outside  of  the 
families  of  members,  preference  shall  be  given  to  employes  or  the  sons  of 
employes,  or  the  sons  of  deceased  employes  of  the  mechanical  departments. 

Candidates  for  these  scholarships  shall  apply  to  the  Secretary  of  this 
Association,  and  if  found  eligible  shall  be  given  a  certificate  to  that  effect 
for  presentation  to  the  school  authorities.  This  will  entitle  the  candi- 
date to  attend  the  preliminary  examination.  If  more  than  one  candidate 
passes  the  preliminary  examination,  the  applicant  passing  the  highest 
examination  shall  be  entitled  to  the  scholarship,  the  school  authorities  set- 
tling the  question. 

The  successful  candidate  shall  be  required  to  take  the  course  of 
mechanical  engineering. 

ARTICLE  VIII. 

election  op  OFFICERS. 

Section  i.  The  officers  of  the  Association,  except  the  Secretary  as 
hereinafter  provided,  shall  be  elected  by  ballot  separately  without  nomina- 
tion at  the  regular  meeting  of  the  Association,  held  in  June  of  each  year. 
A  majority  of  all  votes  cast  shall  be  necessary  to  an  election,  and  elections 
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shall  not  be  postponed.  The  President,  Vice-Presidents  and  Treasurer  shall 
hold  office  for  one  year,  and  Executive  members  for  two  years,  or  until 
successors  are  chosen,  provided,  however,  that  three  Executive  members 
shall  be  elected  for  one  year  at  the  time  of  the  adoption  of  this  amend- 
ment.   Three  Executive  members  shall  be  elected  each  year  thereafter. 

Sec  2.  Two  tellers  shall  be  appointed  by  the  President  to  conduct 
the  election  and  report  the  results. 

Sec.  3.  A  Secretary  from  among  the  members  of  the  Association  shall 
be  appointed  by  a  majority  of  the  Executive  Committee  at  its  first  meeting 
after  the  annual  election,  or  as  soon  thereafter  as  the  votes  of  a  majority  of 
the  members  of  the  Executive  Committee  can  be  secured  for  a  candidate. 
The  term  of  office  of  the  Secretary  thus  appointed,  unless  terminated 
sooner,  shall  cease  at  the  first  meeting,  after  the  next  annual  election  suc- 
ceeding his  appointment,  of  the  Executive  Committee  organized  for  the 
transaction  of  business.  Two-thirds  of  the  members  of  the  Executive 
Committee  shall  have  power  to  remove  the  Secretary  at  any  time.  His 
compensation,  if  any,  shall  be  fixed  for  the  time  that  he  holds  office  by 
vote  of  the  majority  of  the  Executive  Committee.  He  shall  also  act  as 
Secretary  of  the  Executive  Committee. 

ARTICLE  IX. 

AUDITING  COMMITTEE. 

Section  i.  At  the  first  session  of  the  annual  meeting  an  Auditing 
Committee,  consisting  of  three  members  not  officers  of  the  Association, 
to  be  nominated  by  any  member  who  does  not  hold  office,  shall  be  elected 
in  the  same  way  as  officers  are  voted  for.  This  Auditing  Committee  shall 
examine  the  accounts  and  vouchers  of  the  Treasurer  and  certify  whether 
they  have  been  found  correct  or  not.  After  the  performance  of  this  duty 
they  shall  be  discharged  by  the  acceptance  of  their  report  by  the  Asso- 
ciation. 

committee  on  subjects  for  investigation  and  discussion. 

Sec  2.  At  each  annual  meeting  the  President  shall  appoint  a  com- 
mitee  whose  duty  it  shall  be  to  report  at  the  next  annual  meeting  subjects 
for  investigation  and  discussion,  and  if  the  subjects  are  approved  by  the 
Association  the  President,  as  hereinafter  provided,  shall  appoint  committees 
to  report  on  them.  It  shall  also  be  the  duty  of  the  committee  to  receive 
from  members  questions  for  discussion  during  the  time  set  apart  for  that 
purpose.  This  committee  shall  determine  whether  such  questions  are 
suitable  ones  for  discussion,  and  if  so,  they  shall  so  report  them  to  the 
•  Association. 

committees  on  investigation. 

Sec.  3.  When  the  Committee  on  Subjects  has  reported,  and  the  Asso- 
ciation approved  of  subjects  for  investigation,  the  President  shall  appoint 
individuals  or  special  committees  to  investigate  and  report  on  them,  and 
may  authorize  and  appoint  a  special  committee  to  investigate  and  report 
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on  any  subject  which  a  majority  of  the  members  present  may  ai^rove;  or 
individual  papers  may  be  presented  to  the  Association  after  approval  by 
the  Executive  G)mmittee.  Papers  and  reports  shall  be  presented  by 
abstracts,  which  shall  not  occupy  more  than  ten  minutes  in  the  reading 
unless  otherwise  ordered  by  the  Association. 

RECOMMENDATIONS  OF  STANDARDS. 

Sec.  4.  Any  proposition  recommending  the  adoption  of  standard  con- 
struction or  practice  shall  be  in  writing  and  be  accompanied  by  drawings, 
if  the  latter  are  necessary  for  a  clear  understanding  of  the  subject.  Such 
proposition  shall  then  be  submitted  to  the  Association  for  discussion,  after 
which  a  vote  shall  be  taken  to  decide  whether  the  proposition  shall  be  sub- 
mitted for  decision  by  letter  ballot  to  all  the  members  entitled  to  vote.  If 
decided  in  the  affirmative,  the  Secretary,  within  three  months  from  the  time 
the  vote  of  the  Association  is  taken  on  such  measure,  shall  send  by  mail  to 
each  member  a  blank  ballot,  and  a  copy  of  the  proposed  recommendation, 
with  a  report,  to  be  approved  by  the  Executive  Committee,  of  the  discussion 
thereon;  such  ballot  to  be  filled  up,  signed  and  remailed  to  the  Secretary, 
who  will  count  all  the  ballots  received  within  thirty  days  from  the  date 
they  were  sent  to  the  members,  and  he  shall  then  announce  the  vote  in 
such  manner  as  the  Executive  Committee  may  prescribe.  Any  recommen- 
dation securing  two-thirds  of  the  votes  cast  shall  be  adopted  by  the  Asso- 
ciation. 

Sec  5.  All  reports,  resolutions  and  recommendations  involving  the  use, 
or  proposed  use,  by  railroad  companies,  of  any  device  or  process  which 
forms  the  subject  matter  of  any  existing  patent,  shall  first  be  submitted 
to  the  Executive  Committee,  and  shall  be  submitted  to  the  Association  only 
by  the  Executive  Committee. 

ARTICLE  X, 

amendments. 
Section  i.    The  Constitution  may  be  amended  at  any  regular  meeting 
by  a  two-thirds  vote  of  the  members  present,  provided  that  written  notice 
of  the  proposed  amendments  has  been  given  at  a  previous  meeting  at  least 
six  months  before. 
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BY-LAWS. 


TIME  OF  MEETING. 


I.    The  regular  meeting  of  the  Association  shall  be  held  annually  in 
June  of  each  year. 


HOUKS  OF  SESSION. 

II.  The  regular  hours  of  session  shall  be  from  9:30  o'clock  a.m.  to 
1 130  o'clock  P.M. 

PLACE  OF  MEETING. 

III.  The  time  and  place  for  holding  the  Annual  Convention  shall  be 
selected  by  a  Joint  Committee  composed  of  the  .President,  three  Vice- 
Presidents  and  Treasurer  of  this  Association  and  a  corresponding  com- 
mittee from  the  Master  Car  Builders'  Association.  This  Joint  Committee 
shall  meet  within  six  months  after  the  convention  and  decide  upon  the  time 
and  place  of  meeting. 

QUORUM. 

IV.  At  any  regular  meeting  of  the  Association,  fifteen  or  more  mem- 
bers entitled  to  vote  shall  constitute  a  quorum. 

ORDER  OF  BUSINESS. 

V.  The  business  of  the  meetings  of  this  Association  shall,  unless 
otherwise  ordered  by  a  vote,  proceed  in  the  following  order: 

1.  Opening  prayer. 

2.  Address  by  the  President. 

3.  Acting  on  the  minutes  of  the  last  meeting. 

4.  Reports  of  Secretary  and  Treasurer. 

5.  Assessment  and  announcement  of  annual  dues. 

6.  Election, of  Auditing  Committee. 

7.  Unfinished  business. 

8.  New  business. 

9.  Reports  of  committees. 


Digitized  by  VjOOQIC 


14 

10.  Reading  of  papers  and  discussion  of  questions  propounded  by 

members. 

11.  Routine  and  miscellaneous  business. 

12.  Election  of  officers. 

13.  Adjournment 

QUESTIONS  FOR  DISCUSSION,  SPECIAL  ORDER  OF. 

VI.  Unless  otherwise  ordered,  the  discussion  of  questions  proposed  by 
members  shall  be  the  special  order  from  12  o'clock  ic.  to  i  p.m.  of  each 
day  of  the  annual  meeting. 

DECISIONS. 

VII.  The  votes  of  a  majority  of  the  members  shall  be  required  to 
decide  any  question,  motion  or  resolution  which  shall  come  before  the 
Association,  unless  otherwise  provided. 

DISCUSSIONS. 

VIII.  No  patentees  or  their  agents  shall  be  admitted  in  the  meetings 
of  the  Association  for  the  purpose  of  advocating  the  claims  of  any  patent 
or  patentee,  unless  by  unanimous  consent. 

IX.  No  member  shall  speak  more  than  twice  in  the  discussion  of 
any  question  until  all  the  other  members  who  want  to  speak,  and  have  not 
been  heard,  have  spoken,  and  no  member  shall  have  the  floor  more  than 
five  minutes  at  a  time  unless  otherwise  ordered. 
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NAMES  AND  ADDRESSES  OF   MEMBERS. 

Active  members  are  shown  in  Roman  letters;  representative 
members  in  italics. 


ACTIVE  MEMBERS. 


NO.  OP 
JOINED.  NAIIB.  LOCOS.  ROAD.  ADDRB88. 

1905  AdAins.  A.  B Q.  F..  Golf,  Colo.  &  Santa  Fe Temple.  Tex. 

1903  Adanu,  A.  C M.  M.,  Dela..  Lack.  A  Western Kingsland.  N.  J. 

1890  Adams,  T.  £ G.  M.  M..  St.  Louis  Southwestern Pine  Bluff,  Ark. 

1888  Addis,  J.  W S.  M..  P.  4  R.  8..  Texas  &  Pacific BlarshaU.  Tex. 

1895  Aiken.  C.  L Boston  A  Maine South  Lawrence.  Mass. 

1907  Akans,  Geo M.  M..  Southern Birmingham,  Ala. 

1900  Albright,  J.  8 M.  M.,  Mexican  Inteiooeanic Mexico.  Mex. 

1887  Aldoom,  Thoe Qucago  Pneumatic  Tool  Co 95  Liberty  St.,  N.  Y.  City. 

1902  Aldana,  H.  Lopes S.  M.  P.,  Central  Northern Tucuman.Arg.Rep..  S.  A. 

1900  Allen,  C.  E M.  M.,  Northern  Pacific Livingston,  Mont. 

1900  Allen.  C.  W Reading,  Pa. 

1892  Allen,  G.  S M.  M.,  Philadelphia  A  Reading Tamaqua.  Pa. 

1908  Allison,  W.  L M.  E.,  A.  T.  &  S.  F.  Ry Chicago,  lU. 

1907  Allport,  J.  S G.  F.,  Copper  Range Houghton.  Mich. 

1904  Allport.  Wm M.  M.,  Zuni  Mountain Ketner,  N.  M. 

1895  Amann,  W.  E Galena  Signal  Oil  Co 520  Rialto  Building,  San 

Francisco,  Cal. 

1892  ^  Ants,  Oscar G.  L.  I.,  New  York  Central  Lines Dunkirk.  N.  Y. 

1906  Appier.  A.  B M.  E..  DeUiware  &  Hudson  Co Green  Island.  N.  Y. 

1887  Arp,  W.C 211  5.  Af.  P.,  Vandalia TerreHauU,  Ind. 

1905  Arthur,  C.  G M.  M..  Southern Columbia.  S.  C. 

1903  Ashton.  Harry 401  Delaware  ave..  Toronto,  Ont.,  Can. 

1901  Ashworth.  Jas M.  M..  Louisville  A.  Nashville Birmingham.  Ala. 

1905  Aaselin.  George P.  E.  M.  P..  Northern  Ry.  of  France Paris,  France. 

1896  Atterbury.  W.  W G.  M.,  Pennsylvania Philadelphia,  Pa. 

1887  Augustus,  W M.  M.,  Chicago.  Buriington  &  Quincy Centerville.  Iowa. 

1886  Austin,  W.  L Baldwin  Locomotive  Works Philadelphia,  Pa. 

1907  Ayers,  A.  R Asst.  Supt.  Shops,  L.  S.  ft  M.  S CoUinwood,  Ohio. 

1903  Ayen,  H.  B The  Locomotive  &  Machine  Co Montreal,  Can. 

1896  Babcock.  CM M.  M..  Texas  A  Pacific McDonoghviUe.  La. 

1898  Baker.  C.  F Hudson  Companies 100  Broadway.  N.  Y. 

1902  Baker.  P.  G M.  M..  Panama 24  State  St..  New  York.     Colon  (Aspinwall). 

1905  Balderston.  J.  W 218  South  Chicago  St..  Los  Angeles.  Cal. 

1901  Ball.  H.  F V.  P.,  American  Loco.  Co 30  Church  St..  New  York. 

1905  Barclay.  F.  B M.  M..  Illinois  Central McComb,  Miss. 

1906  Bardsley,  A 

1890  Bamum.  M.  K Chicago.  Burlington  A  Quincy Chicago.  111. 

1906  Barrows.  W.  H M.  M..  K.  C.  Southern Shreveport.  La. 

1895  BartUa,  Henry.  . .  1060  S.  M.  P.,  Boston  A  Maine BosUm,  Maee. 

1904  Barton.  T.  F M.  M..  Illinois  Central Bumside.  Chicago.  111. 

1899  Bates.  F.  L 2432  Howard  St..  San  Francisco.  Cal. 

1905  Bather,  Fred M.  F.,  Mexican  International Torreon,  Mex. 

1889  Bean,  S.  L M.  S..  Santa  Fe  Lines Los  Angeles.  Cal. 
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NO.  OP 
fOIIfVD.  IfAMK.  LOCOS.  KOAD.  AJ>bRX88. 

908  Beamer,  JameB  A M.M.,  Pennflylvania Tynme,  Pa. 

892  Beanie,  A.  L. S.  M.  P..  New  Zealand  Government Wellinfirton.  N.  Z. 

899  Beauderk,  T.  S Central  Argentino Rosario  de  Santa  Fe,  Arg.  Rep..  S.  A. 

1894  Beaumont,  J.  G Southern  Raflways  of  Pern Arequipa,  Peru. 

892  Bechhold,  H.  G Cleveland  Fros  dc  Crossing  Co Cleveland,  Ohio. 

903  Benjamin.  F.  G M.  M.,  Chicago  &.  North-Weetem Clinton,  Iowa. 

906  Bennett.  Geo.  R G.  F.,  Mobile  A  Ohio Whietler.  Ala. 

903  Bennett,  W.  J A.  S.  M.  P.,  Chgo..  Indpls.  &  Louisville.  . .  Lafayette.  Ind. 

900  Bentley,  H.  T A.  S.  M.  P.  A  M.,  Chicago  ft  North-West .  .Chicago.  Dl. 

1906  Bentley,  L.  L M.  E.,  Oswego  Boiler  ft  Engine  Co Beaver  Falls.  Pa. 

1902  Berry,  Arthur  O S.  8.,  Lake  Shore  ft  Michigan  Southern.  . .  Elkhart,  Ind. 

900  Best,  W.  N 11  Bioadway.  New  York. 

1903  Billingham,  R.  A G.  M.  M.,  Pitts.,  Shawmut  ft  Northern  ...  St.  Marys,  Pa. 

.902  Bingaman,  Chas.  A.  . . .  Engr.  of  Tests,  Phila.  ft  Reading Reading,  Pa. 

.899  Bissett,  J.  R M.  M.,  Seaboard  Air  Line Raleigh.  N.  C. 

901  Blake,  R.  P A.  S.  S.,  Northern  Pacific Brainerd,  Minn. 

904  Bock,  M.  G S.  M.  P.  ft  R.  S.,  De  Queen  ft  Eastern.  . .  .De  Queen,  Ark. 

.899  Boldridge.  R.  M M.  M..  Central  of  Georgia Cedartown,  Ga. 

904  Boler,  W.  L Kingsland,  N.  J. 

.904  Booth,  J.  S M.  M.,  Carolina  ft  Northwestern Chester,      S.  C. 

.904  Booth,  Thos M.  S.,  Peoos  Valley  Lines Amarillo,  Tex. 

.897  Bowles,  C.  K M.  M.,  Tidewater  ft  Western Chester,  Va. 

907  Boyden,  N.  N M.  M..  Southern Atlanta.  Ga. 

895  Bradeen,  J.  O D.  S.  M.  P..  N.  Y.  Cent,  ft  Hudson  River  .Oswego,  N.  Y. 

888  Bradley,  W.  F Supt.,  Ann  Aibor Toledo,  Ohio. 

904  Brady,  T.  F S.  M.,  Mapini Mapini,  Durango.  Mex. 

894  Branch.  Geo.  E 292  Prospect  place,  Brooklyn,  N.  Y. 

896  Brangs,  P.  H 11  Broadway,  New  York  City. 

900  Brassell.  J.  K M.  M.,  Cal.  Northwestern Tiburon,  Cal. 

902  Braxier,  F.  W S.  R.  S.,  N.  Y.  Cent,  ft  Hudson  River New  York  City. 

892  Brehm,  W.  H M.  M.,  Mo.,  Kan.  ft  Tex. Parsons.  Kan.         * 

904  Breneman,  H.N A.  S.  M.  P.,  Chicago.  Mil.  ft  St.  Paul West  Milwaukee,  Wis. 

879  Briggs.  R.  H M.  M.,  St.  Louis  ft  San  Francisco Memphis,  Tenn. 

\  Bronner,  E.  D 479  S.  M.  P.,  Michigan  Central Detroit,  Mich. 

887  Brooke,  Geo.  D Panama  Canal  Commission Culebra,  Canal  Zone. 

892  Brown,  David A.  S.  M.  P.,  Del.,  Lack,  ft  Western Scranton,  Pa. 

908  Brooks,  E.  G M.  M.,  MobUe  ft  Ohio Whistler,  Ala. 

906  Brown,  H.  B M.  M.,  Erie aeveland,  Ohio. 

891  Brown.  W.  A M.  M.,  Kanawha  ft  Michigan Middleport.  Ohio. 

904  Brown,  T.  A S.  M.  P..  Louisiana  ft  Arkansas Stamps,  Ark. 

895  Browne,  T.  R Engr.,  American  Car  ft  Foundry  Co 25  Broad  St.,  New  York. 

897  Bruce,  Geo.  A G.  M.  M.,  Great  Northern St.  Paul,  Minn. 

890  Bruck,  Heniy  T M.  of  M.,  Cumb.  ft  Penna Mt.  Savage,  Md. 

882  Biyan,  H,  S S.  M.  P.,  Duluth  ft  Iron  Range Two  Harbors,  Minn. 

906  Bryant,  E.  G D.  M.  M.,  International  ft  Great  North.  . . .  Mart,  Tex. 

900  Buchanan,  A.,  Jr Public  Service  Commission Albany,  N.  Y. 

902  Buchanan,  Jas Ill  South  6th  St.,  Brooklyn,  N.  Y. 

887  Buchanan,  Wm .26  Fairfield  ave..  So.  Norwalk,  Conn. 

906  Burel,  W.  C M.  M.,  Mexican  Central Saltillo,  Coah,  Mex. 

905  Burgis,  E.  W M.  M.,  N.  O.,  Ft.  Jackson  ft  Grand  Isle.  .  .  Algiers,  La. 

905  Burkheimer,  H.  W Xx)uisville.  Ky. 

893  Bush.  S.  P G.  M.,  Buckeye  Steel  Castings  Co Columbus.  Ohio. 

903  Bushmeyer,  C.  J M.  M.,  Oklahoma  Central .Purcell,  Okla. 

906  Bussing,  G.  H S.  M.  P.  ft  R.  S.,  Evans,  ft  Terre  Haute  . .  EvansWlle,  Ind. 

893  BuUher,  Geo.  W.  .  .  .59  S.  M.  P.,  San  Antonio  &  A.  Pass .San  ATitonio,  Tex. 

904  Cameron,  J.  E Mgr..  So.  Atl.  Car  A  Mfg.  Co Waycross.  Ga. 

903  Campbell,  A.  A M.  M.,  Kansas  City  Southern  Shreveport,  La. 
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JODTBD.  NAME.  LOCOS.  BOAD. 

1908  CampbeU.  S.  J M.  M..  C.  A  A.  R.  R Slater,  Mo. 

1896  Gannon.  T.  E M.  M.,  Great  Northern Melroee,  Minn. 

1905  Cardell,  J M.  M..  Canadian  Pacific Galgaiy,  Alberta,  Can. 

1902  Caraoristi,  V.  Z 907  Mutual  Buadins,  Ridimond,  Va. 

1904  Cargo,  B.  B M.  M.,  Lake  Terminal Lorain,  Ohio. 

1900  Carney,  J.  A S.  S.,  Chicago,  Burlington  &  Quincy West  Burlington,  Iowa. 

1907  CarroU.  J.  T A.  M.  M..  Lake  Shore  &  Mich.  Southern  .  .Elkhart,  Ind. 

1908  Carson,  F.  L M.  M.,  El  Paso  A  Southwestern Alamogordo,  N.  M. 

1907  Carson,  H.  M Asst.  to  Q.  M.,  Pennsylvania Philadelphia,  Pa. 

1889  Caaanave.  F.  D 1710   Market  St.,   Philadelphia,    Pa. 

1890  Casey,  J.  J Supt.,  American  Car&  Foundry  Co Jeffersonville,  Ind. 

1904  Cassidy,  D.  E M.  M.,  Peimsylvania Verona,  Pa. 

1892  Chamberlin,  E 610  Grand  Central  Depot,   New  Yoric  City. 

1903  ChambexB,  C.  E M.  M.,  Central  R.  R.  of  N.  J Jersey  City,  N.  J. 

1893  Chambers,  John  S S.  M.  P.,  Atlantic  Coast  Line Rocky  Mount,  N.  C. 

1901  Chase,  C.  F American  Locomotive  Co Manchester,  N.  H. 

1904  Chester,  W.  E 118 Gastonst.,  W., Savannah,  Ga. 

1905  Chidley,  Joseph M.  M..  Lake  Shore  A  Mich.  Southern Elkhart,  Ind. 

1906  Chisholm,  J.  E Ward-Packer  Supply  Co Chicago,  HI. 

1898  Christopher,  J M.  M.,  Toronto,  Hamilton  &  Buffalo Hamilton,  Ont.,  Can. 

il908  Chrysler.  W.  P S.  M.  P.,  Chgo.  Great  Western Oelwein,  Iowa. 

1902  Churchward.  G.  J Great  Western Swindon,  England. 

1905  Oark,  David ^  .  M.  M.,  Arizona  &  New  Mexico Clifton,  Aris. 

1899  Clark,  F,H 1346  (?.  S,  M,  P.,  Chicaoo,  Burl.  &  Quincy Chicago,  III. 

1886  Clark,  Isaac  W , Fayetteville,  N.  C 

1903  Clark,  J.  H M.  M.,  Staten  Island  R.  T Clifton,  S.  I..  New  York. 

1897  Clarice,  Owen M.  M.,  Texas  A  Pacific Marshall,  Tex. 

1903  darkson,  W.  S G.  M.  M.,  Northern  Pacific Livingston,  Mont. ' 

1901  Clay,  S.  B 1220  N.  6th  St.,  Ft.  Smith,  Ark. 

1893  Oeaver,  F.  C S.  M.  P.,  Rutland Rutland,  Vt. 

1877  Clifford,  J.  G M.  M..  Loubville  &  Nashville 10th  and  Kentucky  sts., 

LousiviUe,  Ey. 

1887  Cloud,  John  W 82  York  Road,  King's  Cross,  London,  Eng. 

1903  Cockfield,  William Loco.  Supt.,  Peruvian  Southern Arequipa,  Peru.    . 

1896  Cole,  F.  J American  Locomotive  Co 30  Church  St.,  N.  Y.  City. 

1904  Cole.  T.  J M.  M.,  Erie. Meadville.  Pa. 

1908  Cole,  W.  H M.  M.,  United  Verde  &  Pacific .Jerome,  Aris. 

1908  Cook,  T.  R. A.  E.  M.  P.,  Penna.  Lines Ft.  Wayne,  Ind. 

1907  Collier,  L.  L M.  M.,  Louisiana  &  North-West GibsUnd,  La. 

1907  Comns.  J.  M M.  M.,  N.  Y.  New  Haven  A  Hartford Hariem  River,  N.  Y. 

1906  Collins,  W.  H M.  M.,  Fonda,  Johnstown  &  Gloversville.  .  GlovereviUe,  N.  Y. 

.  1906  Gonners.  J.  J M.  M.,  Chicago,  Milwaukee  &  St^  Paul.  . . .  Dubuque,  Iowa. 

1800  CimoUy,  J.J 93  S.M.P.,  Dul^,  Sq.  Shore  A  AOarUic MarqudU,  Mich. 

1879  Cook.  John  S M.  M..  Georgia. Augusta.  Ga. 

1904  Cooper.  F.  R S.  M.  P.,  Kansas  City  Southern Pittsburg.  Kan. 

1907  Cooper,  G.  W. M.  M.,  Mexican  Central Aquascalientes,  Mex. 

1902  Oota.  A.  J M.  M.,  Chicago,  Burlington  &  Quincy Chicago,  111. 

1908  Courtney,  E.  G M.  M.,  Aik..  La.  dc  Gulf Monroe,  La. 

1904  Coutant,M.  R. M.  M..  Ulster  &  Delaware Rondout,  N.  Y. 

1900  Crawford,  D.  F G.  S.  M.  P..  Pennsylvania  Lines Pittsburgh,  Pa. 

1904  CromwdU,  O.  C M.  E..  Baltimore  &  Ohk> Baltimore.  Md. 

1902  Cross,  C.  W  . '. Supt.  Apprentices,  N.  Y.  Cent.  Lines New  York  City. 

1898  Cross,  W 504  Aaat.  to2dV.  P.,  Canadian  Pacific Winnipeg,  Man.,  Can. 

1W8  CuUinan,  Job" M.  M.,  Central  Tn^^j^ini^. Munoie,  Ind. 

1899  Combaek,  R.  O Vacuum  Cleaner  Co Plainfield.  N.  J. 

1906  Onnningham.  D.  W A.  S.  M.,  Mo.  Pao.  Ry Baring  Cross,  Aric. 

M-2 
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1900  Curicy,  M.8 S.  M.  P..  Sierra  Ry.  of  Cal Jamestown.  Cal. 

1903  Curry,  H.  M G.  M.  M.,  Northern  Pacific St.  Paul.  Minn. 

1903  Curtis.  Theo.  H S.  M..  Louisville  &  Nashville Louisville.  Ky. 

1904  Cutler,  T.  J M.  M..  Northern  Pacific Missoula,  Mont. 

1899  Davis.  Chas.  H Barclay  R.  R So.  Yarmouth.  Mass. 

1906  Davis,  David  E M.  M.,  Boston  &  Maine Concord.  N.  H. 

1892  Davis.  Ed.  E Newmarket.  N.  H. 

1900  Davisson.  F.  E 8.  M.,  San  Pedro,  Los  Anneles  A  Salt  Lake  Los  Angeles.  Cal. 

1897  Dawson.  E Osceola.  Iowa. 

1903  Dawson,  L.  L M.  M.,  Illinois  Central McC'omb.  Miss. 

1891  Deems,  J.F 2881  G.  S.  M.  P..  Xew  York  Central  Lines Xetc  York  CUy. 

1905  Deetcr,  D.  H M.  M.,  Philadelphia  A  Reading Reading.  Pa. 

1896  De  Greas,  C Mexican  National  Construction  Co Colima,  Mex. 

1897  Delaney,  (?.  A American  Locomotive  Co Scranton,  Pa. 

1895  Delaney.  H  14  Stuyvesant  place,  Staten  Island.  N.  Y. 

1906  Delaney.  8.  J M.  M..  N.  Y.  C.  &  H.  R.  R.  R West  Albany,  N.  Y. 

1899  Delano,  F.  A Prest.,  Wabash Chicago,  III. 

1900  Demarest.  T.  W S.  M.  P.,  Pennsylvania  Lines Ft.  Wayne.  Ind. 

1905  Desmond,  D.  CI M.  M.,  Morgantown  A  Kingwood Morgantown,  W.  Va. 

1903  Deverell.  A.  C A.  8.  M.  P..  Great  Northern St.  Paul.  Minn. 

1908  De  Vilbiss,  O.  J S.  M.  P.,  Hocking  Valley Columbus,  Ohio. 

1907  De  Voy,  J.  F M.  E.,  Cliicago.  Milwaukee  &  St.  Paul    f.  W.  Milwaukee.  Wis. 

1905  Dewey,  J.  J M.  M.,  Erie Jersey  City,  N.  J. 

1896  Dickeraon,  8.  K A.  S.  M.  P.,  Lake  Shore  &  Mich.  Sou  them.  Cleveland,  Ohio. 

1887  Dickson,  (1.  L American  Locomotive  Co Scranton.  Pa. 

1902  Dickson,  (leo 1400  Boston  Road.  N.   Y.  City. 

1905  Dickson,  John M.  M..  Great  Northern Devils  Lake,  N.  D. 

1907  Diehr,  C.  P M.  M.,  N.  Y.  Central  &  Hudson  River Jersey  Shore.  Pa. 

1900  Dillon.  8.  J M.  M..  Pennsylvania Camden.  N.  J. 

1905  Dinan.  Arthur M.  M..  Atchison.  Topeka  &  Santa  Fe.     ...  Ft.  Madison.  Iowa. 

1905  Dinkel.  M.  C 8.  M.  P.  &  M..  Ixt..  Mani  &  Nijini  Ry     ...  IxtUhuaca,  Mex. 

1894  Dixon.  W.  F Singer  Co Podolsk.   Moscow.  Govt..   Russia. 

1897  Doebler.  C.  H   909  W.  Berr>-  st..  Ft   Wayne.  Ind. 

1905  Dolan.  J.  P M.  M..  St.  Louis  A  No.  Arkansas Eureka  Springs.  Ark. 

1898  Dolan.  S.  M M.  M..  Missouri  Pacific Sedalia,  Mo. 

1904  Dooley,  W.  H M.  M.,  Cin..  New  Orleans  A  Tex.  Pac Birmingham,  Ala. 

1903  Doonan,  W.  F M.  M.,  Great  Northern Whitefish,  Mont. 

1907  Dorsey,  J.  P 1007  Swan  St..  Parkereburg,  W.  Va. 

1893  Dow,  Jas.  M. Kenton.  Ohio. 

1899  Downing.  T.  M M.  M.,  Virginia  A  Carolina  Coast Suffolk.  Va. 

1893  Drury,  Michael  J M.  M.,  Atchison,  Topeka  A  Santa  Fe La  Junta,  Colo.  • 

1908  Dremer,  K.  L M.  M.,  Chgo.,  Cin.  A  Lo Peru,  Ind. 

1908  Dreyfus,  T.  F S.  M.  P.,  Buffalo  A  Susquehanna Galeton.  Pa. 

1904  Dunham.  W.  E M.  M..  Chicago  A  North- Western Winona,  Minn.  ♦ 

1900  Dtmn,  A.J   20  Jlf .  M.,  Virginia  d*  Sovthwestem Bristol,  Va. 

1896  Dtmn,  J.F 190  S.  M.P.,  Oregon  ShoH  Line Salt  Lake  CUy,  Utah. 

1904  Durborow,  R.  N 8.  M.  P.,  Pennsylvania Altoona,  Pa. 

1906  Durham,  H.  P S.  M.  P.,  Tehuantepec  National Rincon,    Ant..   Oaxaca.  Mex. 

1906  Durrell,  D.  J M.  M.,  Pennsylvania  Lines Cincinnati,  Ohio. 


1906  Edmonds,  G.  S  .  . 

1905  Edmondson.  W.  (i 

1899  Egan.  J.  A 

1900  Eldcn.  Edw 

1906  Elliott.  J.  B 


.M.  M..  Delaware  A  Hudson  Co Oneonta,  N.  Y. 

E.  of  T..  Philadelphia  A  Reading Reading,  Pa. 

.G.  F.,  Mexican  Southern   Oaxaca,  Mex. 

M.  M.,  N.  Y.  C.  A  H.  R.  R.  R East  Buffalo,  N.  Y. 

.  G.  M.  M..  Canadian  Pacific Montix^al.  Can. 
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1908  EUiott,  J.  B M.  M.,  Bait.  &  Ohio New  Castle,  Pa. 

1809  Ellis,  H.  D Anglo-Chilian  Nitrate  A  Railway  Co Tocapilla,  Chili. 

1893  EUia,  John  J .8.  M.  P.  &  M..  C.  St.  P.  M.  &  O St.  Paul,  Minn. 

1906  Elordi,  Manuel Gen.  Insp.  Mach.,  Argentine  Govt.  Ry  .  . .  New  York  City. 

1901  Emerson,  G.  H S.  M.  P.,  Great  Northern St.  Paul,  Minn. 

1906  Emerson,  H 32  Cortlandt  St..  New  York  City. 

1893  En^h,  H.  W Birmingham,  Ala. 

1893  English,  Richard 114  Shotwell  St..   San   Fmncisoo.   Cal. 

1905  Enright.  J.  F S.  M.  P..  International  A  Great  Northern.  .  Palestine,  Tex, 

1898  Ettinger,  R.  L CM.  E.,  Southern Washington,  D.  C. 

1908  Evans,  R.  C S.  M.  P.,  Western  Maryland  Hagerstown,  Md. 

1907  Evens.  J.  W M.  M.,  Alabama  Great  Southern Birmingham,  Ala. 

1900  Ewing,  J.  J M.  E.,  Chesapeake  &  Ohio Richmond,  Va. 

1908  Fairbank,  J.  F M.  M.,  Malvern  &  Freer  Valley Malvern,  Ark. 

1900  Feeley,  T.  M Marshalltown,  Iowa. 

1885  Ferguson.  G.  A Boston  «fe  Albany  R.  R So.  Station,  Boston,  Mass. 

1905  Ferguson,  L.  B M.  M.,  Vicksburg,  Shreveport  &  Pacific.  .  .Monroe,  La. 

1904  Ferguson,  T.  G Cordova  &  Rosario Nuevo    Alberdi,    Arg.    Rep.,    S.    A. 

1904  Fetner,  W.  H M.  M.,  Central  of  Georgia Macon,  Ga. 

1901  Fildea,  Thos Gold  Car  Htg.  &  Ltg.  Co Richmond  Hill,   L.   I.,  N.  Y. 

1907  Finch,  Roland Beyer,  Peacock  &  Co Yokohama,  Japan. 

1907  Fisher,  O.  A 4408  Indiana  ave.,  Chicago,  111. 

1905  Pitfgerald,  W.  T M.  M.,  Idaho  &  Washington  Northern.  . .   Spirit  Lake,  Idaho. 

1892  Fitsmorris,  Jas M.  M.,  Chicago  Junction Union  Stock  Yards,  Chicago,  HI. 

1908  Fitzsimmons,  E.  S M.  M.,  Erie Hpmell,  N.  Y. 

1906  Flavin,  J.  T M.  M.,  Chgo.,  Ind.  &  Southern Kankakee,  111. 

1903  Fleischer.  J.  F M.  M.,  Chicago  &  North- Western Sioux  City,  Iowa. 

1903  Fk>ry,  B.  P M.  E.,  Central  of  New  Jersey Jersey  City,  N.  J. 

1901  Fogg,  J.W 39  3f.  3f .,  Chicago  Terminal  Transfer East  Chicago,  Ind. 

1896  Foque,  T.A 155  M.  S.,  M.  St.  Paul  &  SauU  Ste.  Marie.  . .  .Minneapolis,  Minn. 

1905  Ford,  Daniel  W M-  M.,  Pacific  Coast San  Luis  Obispo,  Cal. 

1905  Forster,  John M.  M.,  St.  Louis  &  San  Francisco Kansas  Citv,  Mo. 

1900  Forsyth,  A S.  S.,  Chicago,  Burlington  &  Quincy Aurora,  Ilr 

1888  Forsyth,  Wm M.  E.,  The  Railroad  Age  Gazette Chicago,  III. 

1908  Foster,  O.  M M.  M.,  L.  S.  &  M.  S.  Ry Elkhart,  Ind. 

1904  Foster,  W.  T M.  M.,  Tennessee  Copper  Co.'s  Ry Copperhill,  Tenn. 

1877  Fowle,  I.  W Rivereide,  Cal. 

1907  Fowler,  Henry Asst.  Wks.  Mgr.,  Midland  Ry.  of  England  .  Derby,  England. 

1907  Foyle,  Chas.  E M.  M.,  Susquehanna  &  New  York Towanda,  Pa. 

1906  Franey,  M.  D S.  S.,  Lake  Shore  A  Mich.  Southern Collinwood,  Ohio. 

1907  Fraps,  J.  C .M.  M.,  Aberdeen  &  Ashboro Biscoe,  N.  C. 

1907  Eraser,  Thos .*. .  .M.  M.,  Algoma  Central Sault  Ste.  Marie,  Ont. 

1906    French,  G.  W M.  M.,  Little  Rock  A  Hot  Spgs.  Western. . .  Hot  Springs,  Ark. 

1891    French,  R.  E Southern  Pacific Oakland,  Cal. 

1898  Frey,  N M.  M.,  Chicago,  Buriington  A  Quincy  .  . .  .La  Crosse,  Wis. 

1906  Fricre,  de  Silva,  J.  G  .  .L.  S.,  Central  Ry.  of  Brasil Rio  de  Janeiro,  Brazil,  S.  A. 

1904  Fries,  A.  J M.  M.,  Boston  A  Albany Springfield,  Mass. 

1908  Fritsch,  CM M.  M..  Western  Maryland Hagerstown.  Md. 

1903  Fryburg,  F.  M G.M.  M.,  Great  Northern Minot.  N.  D. 

1890  Fuller,  C.  E. 234  5.  M.  P.,  Union  Pacijic Omaha,  Neb. 

1907  Pulmor,  J.  H M.  M.,  Pennsylvania Pottsville,  Pa. 

1897    Gaines,  F.  F S.  M.  P.,  Central  of  Georgia Savannah,  Ga. 

1904  Gaims,  A.  H M.  M.,  Denver  A  Rio  Grande Denver,  Cok). 

1891  Galbraith,  R.  M Pittsburg,  Kan. 
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1901  Qallagher,  G.  A M.  M.,  Southern  Indimna Bedford,  Ind. 

1904  Galloiray.  W.  8 Baltimore,  Md. 

1904  Gftnnon,  J.  B M.  M.,  N.  Y.,  New  Haven  &  Hartford East  Hartford,  Conn. 

1887  Gantang.  Wm S.  M.  P..  C.  C.  C.  A  St.  L Indianapolis,  Ind. 

1900  Gaskins,  W.  B G.  F..  Southern  Pacific Sparks,  Nev. 

1903  Gauthier,  Jesse M.  M.,  Copper  Range Houfi^ton,  Mich. 

1886  Gentry,  T.  W American  Locomotive  Co Richmond,  Va. 

1905  Geoise,  Wm.  E Western  Australian  Rys Perth,  Australia. 

1899  Gibb,  T.  M G.  8..  Crystal  River Redstone,  Cok>. 

1888  Gibbs,  A.  W G.  S.  M.  P.,  Pennsylvania Altoona,  Pa. 

1890  Gibbs,  George 10  Bridge  St.,  New  York. 

1902  Gibson,  J.  A M.  M..  C.  C.  C.  4  St.  L Urbana,  lU. 

1904  Gilbert,  E.  B S.  M.  P.,  Bessemer  A  Lake  Erie Greenville,  Pa. 

1905  Gilbert,  F.  M M.  E.,  N.  Y.  C.  &  H.  R.  R.  R G.  C.  Sta.,  N.  Y.  City. 

1896  Gill,  John S.  M.  P.,  Chicago,  Indpls.  &  Louisville Lafayette,  Ind. 

1905  Gillctt,  L.  D M.  M..  Norfolk  &  Western Bluefield,  W.  Va. 

1891  Giliis,  H.  A Home  Life  Building, Washington,  D.C. 

1883  Gihnor«,  W.  L. Elkhart.  Ind. 

1893  Gilmour,  George Traveleis'  Insurance  Co Hartford,  Conn. 

1891  Glass,  John  C M.  M.,  Peimsylvania. Verona,  Pa. 

1905  Goodale,  R.  J 1121   Grand  ave.,  St.   Louis,  Mo. 

1904  Goodman.  J.  E M.  M.,  Northern  Pacific Duluth,  Minn. 

1907  Goodrich.  G.  P   M.  M.,  Ft.  Smith  &  Western Ft.  Smith,  Ark. 

1905  Goodrich.  Max M.  M.,  New  York  &  Ottawa Ottawa,  Ont.,  Can. 

1880  Gordon.  H.  D 71  John  St.,  New  York. 

1906  Gossett.  C.  E S.  M.  P.,  Chicago  Great  Western Oelwein,  Iowa. 

1900  Gould.  J.  E  S.  M.  P..  Norfolk  &  Southern Berkley,  Va. 

1904  Gould.  J.  R M.  M.,  Chesapeake  A  Ohio Richmond.  Va. 

1896  Gould,  R  Buenos  Ayries  Great  Southern River  Plata  House,  Fins- 

bury  Circus,     London. 
En^^and. 

1892  Graham,  Charles 401    Madison  ave.,    Scranton,   Pa. 

1894  Graham,  J.  A G.  F.,  Louisville  &  Nashville Colimibia.  Tennu 

1903  GrahadI,  S.  (' M.  M.,  Chicago  &  North- Western Lake  City,  Iowa. 

1903  Grandy,  W.  S  D.  F.,  Atchison,  Topeka  &  Santa  Fe Bakersfield,  Cal. 

1894  Grant,  A.  S M.  M.,  Missouri  Pacific De  Soto.  Mo. 

1906  Gray,  B.  H M.  M.,  New  Orieans  Terminal New  Orleans,  La. 

1906  Gray.  G.  M M.  E.,  Bessemer  &  Lake  Erie Greenville,  Pa. 

1906  Greard.  Henr>-  Octave  .  A.  S.  M.  P..  French  State  Rjts Paris,  France. 

1889  Greatsinger.  J.  L Brooklyn  Rapid  Transit. Brooklyn.  N.  Y. 

1897  Greaven,  Luis 8.  M.  P..  Buenos  Ayres  Gt.  Sou  .  .Buenos  Ayres,  Arg.   Rep.,  S.   .A. 

1905  Green,  H M.  E.,  So.  Balto.  Steel  Car  &  Fdy.  Co Baltimore.  Md. 

1895  Green,  Wilbur M.  M.,  San  Antonio  &  Aransas  Pass.  .....  Yoakum,  Tex. 

1906  Greenwood,  B.  E G.  F..  Seaboard  Air  Line  Ry Portsmouth,  Va, 

1885  Griffith,  Fred  B 797   Elmwood  ave.,  BuffaOo.   N.   Y. 

1907  Griffith,  R M.  M.,  Colorado  Midland Colorado  City,  Colo. 

1908  Grimshaw,  F.  G M.  M..  Penn.  R.  R Camden,  N.  J. 

1908  Gross,  E.  G M.  M.,  Central  of  Georgia Columbus,  Ga. 

1893  Gross,  R.  J .American  Locomotive  Co New  York. 

1896  Groves,  J.  R Denver,  Colo. 

1900  Gurry,  Geo G.  S..  American  Locomotive  Co Allegheny,  Pa. 

1906  Guthbrod,  F.  W German  Consulate New  York. 

1893  Hainen,  J S.  M.  P.,  Southern Greensboro.  N.  C. 

1898  Hair,  John 194  S.  M.  P.,  BaUimore  &  Ohio  S.-W CincinnaH,  Ohio. 

1906  Hale,  H.  H A.  M.  M.,  Pere  Marquette Grand  Rtipids.  Mich. 
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1904  Hall,  Ghas.  S. M.  M.,  Boston  &  Maine Springfield,  Mass. 

1904  Hall,  Grant A.  S.  M.  P.,  Canadian  Pacific Winnipeg,  Man..  Can. 

1907  Hamilton,  W.  H M.  M.,  Atchison,  Topeka  &  Santa  Fe Argentine,  Kan. 

1908  Hamilton.  Taber M.  M.,  Cumb.  Valley Ghambersbuig.  Pa. 

1902  Hammett,  P.  if  ...  167  S.  M,  P..  Maine  Central Portland,  Me. 

1905  Hammond.  G.  O M.  E.,  Erie Meadville,  Pa. 

1891  Hancock.  Geo.  A S.  M.  P..  St.  Louis  &  San  Francisco Springfield,  Mo. 

1893  Hancock.  Wm.  S Waters-Pierce  OU  Co St.  Louis.  Mo. 

1908  Hanlin.  J.  J M.  M.,  Seaboard  Air  Line Atlanta.  Ga. 

1907  Hardie.  R.  J Union  Foundry  A  Machine  Works Valparaiso,  Chili. 

1905  Harkon,  J.  W G.  S..  Canada  Foundry  Co Toronto,  Can. 

1906  Harrifcan,  P.  J M.  M.,  Balthnore  <fe  Ohio Connellsville.  Pa. 

1906  Harrington,  H.  H M.  M.,  Erie Susquehanna.  Pa. 

1907  Harris,  CM M.  M.,  Washington  Terminal Washington,  D.  C. 

1902  Harris,  J.  D Westingfaouse  Air  Brake  Co Wilmerdmg,  Pa. 

1898  Harrison,  F.  J M.  M..  Buffalo,  Rochester  &  Pittsburg Du  Bois,  Pa. 

1896  Hamaon.  John San  Paulo San  Paulo,  Brasil,  S.  A. 

1904  Harrison,  W.  L S.  M.  P.,  Chicago,  Rock  Liland  &  Pacific.  .Cedar  Rapids,  Iowa. 

1903  Hartigan,  B G.  F.,  Rutland Rutland,  Vt. 

1901  Haselton,  G.  H .West  Albany,  N.  Y. 

1889  Haskell.  B Franklm,  Pa. 

1888  Haasman,  Wm M,  M.,  Peoria  A  Pekin  Union Peoria,  111. 

1908  Hatah.  S.  K C.  S.  M.  P..  Imperial  Govt.  Ry Tokyo,  Japan. 

1905  Rata.  G.  K S.  S..  Union  Pacific Omaha.  Neb. 

1900  Hawkins,  B.  H M.M.,  Del..  Lack.  &  Western Buffak>,  N.  Y. 

1903  Hawkins,  R.  D M.  E.,  Great  Northern St.  Paul,  Minn. 

1899  Hawthorne,  J Susquehanna,  Pa 

1908  Hayes,  C.  W M.  M.,  Blue  Ridge  Ry Anderson,  S.  C. 

1906  Hayes,  J.  T M.  M..  Grand  Rapids  &  Indiana Grand  Rapids,  Mich. 

1903  Hayes.  W.  C Supt.  Loco.  Operation.  Erie Ne%  York  aty. 

1905  Haynen.  W.  J 

1896  Hayward,  H.  S S.  M.  P.,  Pennsylvania. Jersey  City,  N.  J. 

1891  Hedley,  F G.  M.,  Interborough  R.  T.  Ry.  Co New  York  City. 

1887  Heintsleman,  T.  W.  ...  S.  M.  P.,  Southern  Pacific Sacramento,  Cal. 

1892  Henderson.  G.  R 20  W.  34th8t..  New  York. 

1907  Henry.  Wm A.  M.  M.,  St.  Louis  &  San  Francisco Memphis,  Tenn. 

1908  Henry.  W.  C.  A S.  M.  P..  Penna.  Lines  West Columbus,  Ohio. 

1907  Herr,  E.  E M.  M..  Pennsylvania Camden,  N.  J. 

1892  Horr,  Edwin  M V.  P..  Westing^ouse  Air  Brake  Co Wilmerding.  Pa. 

1903  Herr,  H.  T Duquesne.  Aria. 

1908  Hess.  Geo.  F .M.  M.,  Bait.  &  Ohio .Lorain.  Ohio. 

1895  Hibbard.  H.  Wade Cornell  University Ithaca,  N.  Y. 

1903  Hickey,  F.  P American  Locomotive  Co Richmond,  Va. 

1901  Hickey.  P.  J M.  M..  C.  C.  C.  &  St.  L Mattoon.  111. 

1W6  Hicks,  I.  C M.  M.,  Santa  Fe  Lines San  Bernardino,  Cal. 

1890  Higgins,  S G.  M.,  N.  Y..  New  Haven  &  Hartford New  Haven.  Conn. 

IWl  Hildreth.  F.  F M.  E.,  Vandalia Terra  Haute.  Ind. 

1901  Hilferty.  CD Cooke  Locomotive  Works Paterson,  N.  J. 

1887  Hill,  Jas.  W Peoria.  lU. 

1W6  Hill,  John M.  M.,  Lake  Erie  &  Western Tipton,  Ind. 

18W  Hill,  Rufus M.  M..  Pennsylvania Pavonia.  N.  J. 

1904  Hill,  W.  H M.  M.,  ComwaU Lebanon,  Pa. 

1908  HiU,  W.  J G.  F.,  A.  T.  &  S.  F.  Ry La  Junta.  Colo. 

1902  HiUman.  C.  R A.  S.  M.  P.,  San  Paulo San  Paulo,  Braail,  S.  A. 

1906  Hinckley,  A.  C M.  M.,  Cincinnati,  Hamliton  &  Dayton Lima,  Ohio. 

1906  Hobbs,  H.  L M.  M.,  South  &  Western Johnson  City,  Tenn. 
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1002  Hobaon,  W.  P A.  M.  M.,  Chesapeake  &  Ohio Lexinfftoii.  Ky. 

1907  Hocking,  Jas M.  M..  N.  Y..  New  Haven  dc  Hartfortl South  BoBton.  Mass. 

1907  Hodges,  A.  H M.  M.,  Baltimore  &  Ohio Cumberland,  Md. 

1906  Hoffman,  CM M.  M.,  Southern Princeton,  Ind. 

1899  Hoffman,  R.  F 10  Bkx>m  St.,  Danville.  Pa. 

1908  Hoffmeister,  F.  8 A.  M.  M.,  N.  Y.  P.  A  N.  R.  R Cape  Charles,  Va. 

1901  Hogan,  C.  H D.  S.  M.  P..  N.  Y.  C.  &  H.  R.  R.  R Depew,  N.  Y. 

1892  .Holland.  W.  D M.  M.,  Philippine  Ry IloUo,  P.  I. 

1890  Homer,  John  C A.M.  M..  Cin.,  Hamilton  &  Dayton Indianapolis,  Ind. 

1896  Hopwood.  John Argentine  Great  Western 61  Ennerdale  Rd.,  Rich- 
mond, Surrey,  Eng. 

1896  Horrigan,  John  ...  138  S.  M.  P.,  E.  J.  A  E.,  C.  L.  S.  &  E.  Rys.  .  .Joliet,  lU.      ' 

1906  Horsey,  A.  W M.  E.,  Canadian  Pacific Montreal,  Can. 

1892  Howard.  C.  H 504  Columbia  Bldg.,  St.  Louis,  Mo. 

1896  Howard.  John S.  M.  P.,  New  York  Central  Lines New  York  City. 

1905  Howe,  H.  B New  South  Wales  Rys Sydney,  Australia. 

1899  Hudson,  H.  O 1436  84th  St.,  Cleveland,  Ohio. 

1904  Hudson,  W.  H Birmingham,  Ala. 

1903  Hufman.  W.  H M.  M.,  Chicago  &  North- Western Baraboo.  Wis. 

1890  Hufsmith,  F Palestine.  Tex. 

1905  Hume.  E.  S C.  M.  E..  Western  Australian  Govt.  Rys  .  .Midland  Jet.,  Australia. 

1890  Humphrey.  A.  L G.  M.,  Westinghouse  Air  Brake  Co Pittsburgh,  Pa. 

1906  Hungerford,  S.  J S.  L.,  Works,  Canadian  Pacific Winnipeg,  Man. 

1904  Hunt,  H.  B , .  .  .  American  Ijocomotive  Co Chicago,  111. 

1906  Hunter.  G.  S D.  M.  M..  Kansas  City  Southern Pittsbuig.  Kan. 

1905  Hunter.  H.  8 M.  M.,  Philadelphia  A  Reading Philadelphia,  Pa. 

1896  Hyndman.  F.  T 1472  Chapel  St..  New  Haven,  Conn 

1900  Irwin.  J.  E M.  M.,  Marietta,  Columbus  &  Cleveland  .   Marietta.  Ohio. 

1908  Iwasaki,  H T.  M.,  Imperial  Govt.  Rys Tokyo,  Japan. 

1907  Jackson,  Harrj' C.  E.,  Texas  &  Mcx.  Ltg.  &  Power  Co Eagle  Pass.  Tex. 

1908  Jacobs.  H.  W A.  S.  M.  P..  A.  T.  &  S.  F.  Ry Topeka.  Kan. 

1907  James,  Charles M.  M..  Erie Galk>n,  Ohio. 

1899  James,  E.  T M.  M.,  N.  Y.,  New  Haven  A  Hartford New  Haven.  Conn. 

1896  James,  Geo M.  M..  N.  Y.  C.  &  St.  L Station  8,  Chicago.  111. 

1907  Jaynes.  R.  T M.  M.,  Lehigh  &  Hudson  River Warwick.  N.  Y. 

1900  Jennings,  Thos   M.  M..  Boston  &  Maine Keene.  N.  H. 

1890  Jennings,  Wm Pacific  Electric  Ry lios  Angeles,  Cal. 

1896  Johnson.  A.  B Baldwin  Locomotive  Works Philadelphia,  Pa. 

1902  Johnson,  Ben 

1887  Johnson.  L.  R S.  M.  P.,  Canadian  Pacific Montreal.  Can. 

1903  Johnson.  R.  A Guaymas.  Sonora.  Mex. 

1898  Johnson,  R.  H Ortega.  Mex..  D.  F. 

1908  Johnson,  Rankin G.  M..  Bolivia  Ry.  Co La  Pat,  Bolivia,  8.  A. 

1903  Johnson,  W.  O M.  M.,  Empire  Shops Canal  Zone. 

1905  Jones.  C.  F M.  M.,  Natche«.  Urania  A  Ruston Urania.  La. 

1888  Joughins.  G.  R   M.  S..  Intercolonial Moncton.  N.  B.,  Can. 

1903  Jungling.  M 

1896  Justice.  D.  J 722  W.  Chestnut  St..  Louis\nlle.  Ky . 


1905  Kaderiy,  W.  F. 

1890  Kalbaugh.  I.  N 

1903  Kapp,  W.  F. 
1907  Kastlin.  Jacob. 

1904  Kearney.  Alex. 


.. .  M.  M..  Southern Spencer,  N.  C. 

.  . .  .  Coal  A  Coke  Ry Gaseaway,  W.  Va. 

51   S.  S.  A  Af.,  Rich.,  Fred.  &  Potomac Richmond,  Va. 

.  .  .   Supt.,  Davenport  Loco.  Works Davenport.  Iowa. 

A.  S.  M.  P..  Norfolk  A  Western Roanoke.  Vs. 
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1892  Keegan,  Jos.  E 92  S.M.  P.,  Grand  Rapids  A  Indiana Grand  Rapids,  Midi. 

1908  Kehoe.  R.  H M,  M.,  Nor.  &  Sou.  Ry New  Bern.  N.  C. 

1904  Kellogg,  W.  L M.  M.,  Pere  Marquette Detroit,  Mich. 

1896  Kella,  WiUard M.  M.,  Lehigh  Valley Buffalo,  N.  Y. 

1896  Kelly,  Wm. G.  M.  M..  Great  Northern Spokane,  Wash. 

1905  Kendall.  H.  H S.  M.  P.,  St.  L..  Brownsville  &  Mexico.  . .  .Kingsville.  Tex. 

1904  KencUg,  R.  B M.  E.,  Lake  Shore  &  Mich.  Southern aeveland,  Ohio. 

1894  Kennedy,  Jas 158  Prospect  St.,  Cambridge,  Mass. 

1901  Keyworth,  T.  E Cuban  Central  Rys.,  Ltd Sagua  La  Grande,  Cuba. 

1908  Kner,  J.  R M.  M.,  C.  Y.  R.  A  P.  Ry Guaymas,  Sonora.  Mex. 

1903  Kilpatrick,  J.  B A.  8.  M.  P.,  Chicago,  R.  I.  &  Pacific Chicago.  111. 

1900  Kilpatrick,  R.  F Scranton,  Pa. 

1903  Kinnaird.  L.  S M.  M.,  Qeveland.  Akron  &  Columbus Mt.  Vernon,  Ohio. 

1905  Kinney,  W.  H M.  M.,  New  York,  Ontario  &,  Western Carbondale,  Pa. 

1904  Kirkpatrick,  Jas M.  M.,  Baltimore  &  Ohio Newark,  Ohio. 

1902  Knight,  Wm.  Enw G.  M.  M.,  United  Rys.  of  Havana Havana,  Cuba. 

1908  Knight,  G.  E G.  M.  M.,  Cuba  R.  R .Camaguay,  Cuba. . 

1902  Krauas,  J.  I M.  M.,  K.  C.  Southern Mena,  Ark. 

1907  Kurman,  A.  G M.  M.,  Mt.  Jewett,  Kinzua  &  Riterville.  . .  Kushequa,  Pa. 

1905  Kyle,  C M.  M.,  Canadian  Pacific Montreal,  Que. 

1899  Lachlan.  Wm Manaos  Improvements,  Ltd Manaos,  Amasomas,  Braxil. 

1898  Lake,  E.  M Camp  &  Hinton  Co Lumberton,  Miss. 

1888  Lape,  C.  F 216  Stimson  Block,  Los  Angeles,  Cal. 

1907  Larrey,  T M.  M.,  Interooeanic  R.  R Jalapa,  Vera  Cms,  Mex. 

1907  Larry,  W.  L M.  M.,  N.  Y.,  New  Haven  &  Hartford Taunton,  Mass. 

1907  Latta,  H.  P M.  M.,  Seaboard  Air  Line Jacksonville.  Fla. 

1905  Laurent.  Theo A.  C.  E.,  Paris  A  Orieans  Ry Paris,  France. 

1891  Lawes.  T.  A M.  E..  New  York.  Chicago  &  St.  Louis Cleveland,  Ohio. 

1890  Leach,  H.  L 76  Wallingford  R6ad,  Brighton.  Mass 

1903  Leach,  W.  B 383  Dorchester  ave..  South  Boston.  Mass. 

1892  I^.  C.  W Greensboro.  N.  C. 

1904  Leeman.  W.  W 1031  N.  Wahsatch  ave..  Colorado  Springs.  Colo. 

1888  Leigh,  F.  J 30  Kenilworth  Road,  Ealing,  London,  W.,  Eng. 

1890  Leonard,  A.  G Chgo.  Junction  Ry Chicago.  111. 

1876  Lewis,  W,H 697  S.  M.  P..  Norfolk  &  Western    Roanoke,  Va. 

1907  Lillie,  G.  W S.  C.  D.,  St.  Louis  &  San  Francisco St.  Louis.  Mo. 

1906  Lindsley,  W.  H M.  M..  Florida  Ry Alton.  Fla. 

1896  Lindstrom.  Chas M.  M..  Illinois' Central Vicksburg.  Miss. 

1904  Link,  T.  C Union  Iron  &  Brass  Works El  Paso.  Tex. 

1907  Little,  J.  C M.  E.,  Chicago  &  North- Western Chicago.  III. 

1903  Litton,  Francis  H Shansi  Honan  Ry Chiaotso,  Honan,  China. 

1890  lAoyd,  T.S 1287  S.  M.  P.,  Dela.,  Lack,  dk  Western Scranton,  Pa. 

1905  Lockwood,  B.  D M.  E.,  Clev.,  Cin.,  Chicago  A  St.  Louis Indianapolis,  Ind. 

1895  Lonergan,  P.  T W.  Springfield,  Mass. 

1907  Lord,  A.  W S.  M.  P.,  Quincy  &  Torch  Lake Hancock,  Mich. 

1899  LoveU,  Alfred 819  Harrison  Bldg.,   Philadelphia,   Pa. 

1908  Lusoombe.  J.  T M.  M..  T.  &  O.  C.  Ry Bucyrus.  Ohio. 

1903  Lyddon.  H.  .\ G.  L.  F..  Northern  Pacific N.  Brainerd.  Minn. 

1894  Lyon,  Tracy Westinghouse  Electric  &  Mfg.  Co Pittsburgh.  Pa. 

1903  MaeBain,  D.  R A.  S.  M.  P.,  N.  Y.  C.  &  H.  R.  R.  R West  Albany,  N.  Y. 

1907  Macbeth.  H.  .\.  ..  .' M.  M..  N.  Y.,  Chicago  &  St.  Louis Conneaut.  Ohio. 

1890  Macfarlane,  T.  W Mobile,  Jackson  &  Kansas  City Richmond,  Kan. 

1899  Machesney.  A.  G Baldwin  Locomotive  Works Philadelphia,  Pa. 

1876  Mackenzie.  John 60  Hawthorne  ave.,  Cleveland.  Ohio. 
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1905  MacATvey,  J.  R Amarican  Looomotive  Co Dunkirk,  N.  Y. 

1896  Maher,P 8.  M.  P..  Chicago  ifc  Alton.  Toledo,  St.  Louis 

A  Westexn Bloomincton,  lU. 

1800  Mahl,  F.  W Q.  M.  E.,  Colo.  A  Southern Denver,  Colo. 

1905  Mafler.  John Ft.  Smith.  Ark. 

1899  Malone,  I.  M Chihuahua.  Hex. 

1895  UaUinsoD.  E.  P 49  Aahford  St..  Brookl>Ti.  N.  Y. 

1904  Halthaner,  W M.  M.,  Delaware  &  Hudson Green  Island,  N.  Y. 

1894  Manchester.  A.  E 8.  M.  P..  C.  M.  &  St.  P West  Milwaukee.  Wis, 

1902  Manchester.  H.  C A.  S.  M.  P.,  Maine  Central.  . . ! Portland,  Me. 

1898  Mannino,  J,H  ..  .330  S.  M.,  Delaware  A  Hudson Albany,  N.  Y. 

1905  Mannion.  T.  D M.  M.,  Philadelphia  &  Reading Camden,  N.  J. 

1898  Marchbanks.  James  . .  .Wellington  &  Manawater Wellington,  N.  Z. 

1903  Maride,  T.  M Reno,  Nev. 

1908  Marea,  M M.  M.,  T.  St.  L.  &  W.  R.  R Frankfort,  Ind. 

1890  Maishall,  E.  S St.  Louis,  Mo. 

1906  Marshall.  Thos M.  M.,  C.  St.  P.  M.  &  O.  Ry St.  Paul,  Minn. 

1891  Marshall.  W.  H Prest.,  American  Locomotive  Co New  York  City. 

1908  Martin,  £.  L M.  M.,  Nacosari  Ry Naoosari,  Sonora,  Mex. 

1908  Martin,  J.  P M.  M.,  Liberty  White  R.  R McComb,  Miss. 

1903  May.  H.  C M.  M..  L.  4  N New  Decatur.  .\U. 

1907  May,  Walter M.  M.,  Cleve.,  Cin.,  Chicago  &  St.  Louis  . .  Louisville,  Ky. 

1904  Maysilles,  J.  H 108  Elmer  ave.,  Schenectady.  N.    Y. 

1906  MoArthur,  F.  A M.  M..  St.  Louis  &  San  Francisco Springfield,  Mo. 

1907  MoCammon,  W.  I Supt.  L.  &  C.  Mexican  So.  R.  R Pueblo.  Mex. 

1905  McCarthy,  M.  J S.  S..  C.  C.  C.  &  St.  L.  Ry Indianapolis.  Ind. 

1908  McCarthy,  T.  W M.  M.,  C.  R.  I.  &  P.  Ry Ai^enta,  Ark. 

1891  McConnell,  J.  H 1503  Arrott  Bldg.,  Pittsburg.  Pa. 

1896  MoCormick.  A F.  M.  Hicks  db  Co Chicago  Heights,  111. 

1892  McCum.  J,P  ...  230  S.  M.  P.,  C.  N.  O.  &  T.  P.  andA.G.S.Rya.Lvdhw,  Ky. 
1908  McCuen,  R.  E M.  M.,  Lexington  A  Eastern Lexington.  Ky. 

1891  McDonough.  James 3616  Avenue  K.   Galveston,   Tex. 

1905  McPougall,  R.  M M.  M.,  Morenci  Southern Morenci,  Aris. 

1893  McElvaney,  C.  T M.  M.,  Missouri.  Kansas  &  Texas Denison,  Tex. 

1908  McGee,  W.  J M.  M.,  Tampa  Nor.  R.  R Tampa.  Fla. 

1908  McGiU,  A.  M M.  M.,  L.  V.  R.  R Wilkesbarre,  Pa. 

1905  MoGoff,  J.  H M.  S.,  Atchison.  Topeka  &  Santa  Fe Topeka,  Kan. 

1903  McGrath.  J.  T M.  M.,  Grand  Trunk  . . , Ft.  Gratiot,  Mich. 

1905  McHaffie,  A.  B M.  M..  Intercolonial Moncton.  N.  B..  Can. 

1903  McHattie,  T M.  M.,  Grand  Truhk Montreal.  Can. 

1890  Mcintosh.  Wm S.  M.  P.,  Central  R.  R.  of  N.  J Jetaey  City,  N.  J. 

1893  MeKee,  G.S 219  8.  M.  P.,  AfobiU  A  Ohio Mobile,  Ala. 

1901  McKeen,  W.  R..  Jr C.  E.  Motor  Car  Dept.,  Union  Pacific Omaha.  Neb. 

1896  McLean,  W.  J M.  M.,  Bell.,  Bay.  &  Brit.  Col Bellingham,  Wash. 

1906  McManamy,  J R.  F.  of  E.,  Pere  Marquette Grand  Rapids,  Mich. 

1894  McMasteri.  Chas.  J.  . .  .G.  F..  Rutland Malone.  N.  Y. 

1896  McNabb,  T M.  M.,  A.  R.  A  C.  Co Lethbridge,  Alb.,  Can. 

1890  McNaufi^ton,  Jas American  Locomotive  Co Schenectady,  N.  Y. 

1905  McNulty,  F.  M M.  M..  Monongahela  Connecting Pittsburgh.  Pa. 

1905  McRae.  J.  A M.  E.,  Michigan  Central Detroit,  Mich. 

1907  Mechling.  J.  E M.  M..  Vandalia  R.  R Terre  Haute,  Ind. 

1905  Meister,  C.  L M.  E.,  Atlantic  Coast  Line Wibnington,  N.  C 

1895  MeUin,  C.  J American  Locomotive  Co Schenectady,  N.  Y. 

1900  MendenhaU,  CM 2   Rector  St.,  New  York   aty. 

1903  Mmua,  W,G 190  5.  M.  P.,  Wisconsin  Central Fond  du  Lac,  Wis, 

1907  Meredith,  H.  P A.  E.  M.  P.,  Penna.  R.  R Altoona.  Pa. 
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1892  Mertdieimer.  F G.  S.  M.  P.,  K.  C.  M.  d;  O.  R.  R Kansas  City,  Mo. 

1887  Mkhael,  J.  B M.  M.,  Southern Enoxville.  Tenn. 

1885  Mmen,  Thos M.  M.,  Metropolitan  Street  Ry 106  W.  Slstst.,  N.  Y. 

1889  MtUer,  E,  A 180  S.  M.  P.,  N.Y.C.  di  SL  L Clmdomd,  Ohio. 

1890  MHler.  Geo.  A M.  M.,  Florida  East  Coast St.  Augustine,  Fla. 

1903  Miller,  J.  B G.  F.»  St.  L.  Southwestern  of  Texas Waoo,  Tex. 

1901  Miller,  S.  W American  Locomotive  Co Providence,  R.  I. 

1906  Miller,  Wm Supt..  M.  P.  &  C.  D.,  Western  Maryland.  .Union  Bridge,  Md. 

1903  Miller,  W.  J M.  M.,  St.  L.  Southwwtem  of  Texas Tyler,  Tex. 

1903  MOliken,  James S.  M.  P.,  Phila.,  Bait,  d;  Washington Wibnington,  Del. 

1893  MinshuU,  P.  H M.  M.,  N.  Y.  O.  A  W Middletown,  N.  Y. 

1802  Minto,  H.  M M.  M.,  Louisville  &  NashviUe Mobile.  Ala. 

1888  Minton,  A.  B M.  M.,  MobQe  6c  Ohio Jackson.  Tenn. 

1892  Mitchell,  A.  E 50  Church  St..  New  York  City. 

1908  Moan,  E.  G T.  E.,  N.  Y.  Leather  Belting  Co 87  Maple  st,  Jersey  City.  N.  J. 

1903  Moir,  William M.  S.,  Northern  Pacific St.  Paul,  Minn. 

1898  Moler,  A.  L M.  M.,  Frisco  Lines. Beaumont,  Tex, 

1907  MoU,  George M.  M..  Phihidelphia  &  Reading Reading,  Pa. 

1908  Monfee,  A.  J M.  M.,  Birmingham  Southern  R.  R Pratt  City,  Ala. 

1908  Moeer.  E.  L C.  D.,  P.  A  R.  R.  R. Reoding,  Pa. 

1901  Monahan,  J.  J M.  M.,  Louisville  6c  Nashville Paris,  Tenn. 

1890  Monkhouse,  H Rome  Loco.  &  Mach.  Works Rome,  N.  Y.  ^ 

1903  Monlaverde,  F Paulista Santos,  Brazil. 

1903  Monroe^  M.  S M.  M.,  Chicago,  Lake  Shore  &  Eastern  . .  .Chicago,  lU. 

1907  Montgomeiy,  Hugh  . .  .G.  F..  Central  R.  R.  of  N.  J Jersey  City,  N.  J. 

1884  Montgomeiy.  Wm M.  M.,  Central  of  N.  J Lakehurst,  N.  J. 

1896  Moran,  Robert M.  M.,  Louisville  6c  Nashville Nashville,  Tenn. 

1907  Moran,  W.  F M.  M.,  Southern Sheffield,  Ala. 

1907  Moriarty,  G.  A Port  Jervis,  N.  Y. 

1887  Morris,  W.  S 813  W.  Berry  st.,  Ft.  Wayne,  Ind. 

1905  Morrison,  J.  R M.  M.,  Inverness  Ry.  6c  Coal  Co Inverness.  C.  B.,  Can. 

1906  Mowery.  J.  N M.  E.,  Lehigh  Valley So.  Bethlehem,  Pa. 

1901  Muchnic,  CM American  Locomotive  Co New  York,  N.  Y. 

1904  Mudd,  G.  W M.  M.,  Denver  6c  Rio  Grande Alamosa,  Colo. 

1899  MuJOfdd.  J.  E.  . .  1843  O.  S.  M.  P.,  BaUimore  <k  Ohio BaUimore,  Md. 

1905  Mullen,  D.  J M.  M.,  C.  C.  C.  A  St.  L Mt.  Carmel,  lU. 

1908  Mullmix,  J.  W S.  M.  P.,  C.  R.  I.  &  P.  Ry Horton,  Kan. 

1904  Murphy,  J.  H M.  M.,  Cin.,  New  Orieans  6c  Tex.  Pac Ludlow,  Ky. 

1890  Murphy,  P.  H Murphy  Car  Roof  Co East  St.  Louis,  111. 

1905  Murray,  W.  H G.  F.,  Atchison,  Topeka  &  Santa  Fe Winslow,  Ariz. 

1903  Murrian,  W.  S S.  M.  P.,  Southern. Knoxville,  Tenn. 

1904  Needham,  E.  F 8.  L.  A  C.  D.,  Wabash Springfield,  lU. 

1908  Ned.  T.  M.,  Jr M.  E.,  A.  B.  A  A.  R.  R. Fitsgendd,  Ga. 

1905  Nehon,  E.  D E.  of  T.,  Pennsylvania Altoona,  Pa. 

1S94  Nettleton,  W.  A G.  S.  M.  P.,  C.  R.  I.  A  P.  Ry Chicago,  lU. 

1808  Neubert,  G.  T M.  M.,  Chicago  Great  Western Oelwein,  Iowa. 

1892  Neufifer.  John  G S.  M.,  Illinois  Central Chicago,  HI. 

1901  Neville,  John M.  M.,  M.  L.  A  D.  Co Comey,  Michoaoan,  Mex. 

1908  New,  W.  E M.  M.,  K.  C.  Belt  Ry Kansas  City,  Mo. 

1896  Neward,  F.  H M.  M.,  Pontiac,  Ox.  A  Northern Pontiac  Mich. 

1906  Hemhcfoae,  J.  F M.  M.,  Ken.  A  Ind.  Bridge  A  R.  R Louisville.  Ky. 

1875  Noble.  L.  C Fisher  Bldg.,  Chicago,  lU. 

1908  Nicholson,  Jno S.  M.  P.  A  M.,  St.  L.  B.  A  M.  Ry Kingsville.  Tex. 

1902  Nolan,  J.  C M;  M.,  Arkansas  Southern Ruston,  La. 

1899  Nolan,  J.  P D.  M.  M.,  Morgan's  L.A  T.R.R.A  S.  S.  Co  .  Algiera,  La. 
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1906  Noyee.  C.  T 8.  S.,  Southern  Pacific Sacramento,  Cal. 

1902  Nutt,  Geo.  B L.  8.,  Egyptian  State  Ry Cairo.  Egypt. 

1896  Nuttall.  W.  H M.  M.,  Manistee  &  Northeastern Manistee.  Mich. 

1905  O'Beime,  P 8.  M.,  Toluca.  Marquette  A  Northern Toluca.  III. 

1903  Q'Heame,  J.  E M.  M..  Wheeling  &  Lake  Erie Norwalk,  Ohio. 

1890  O'Herin,  Wm S.  M.,  Mo..  Kan.  A  Tex Parsons.  Kan. 

1895  O'Leary.  D • .    .  M.  M..  Columbia  A  Puget  Sound Seattle,  Wash. 

1905  Oplingcr,  J.  W S.  M.  P.,  Atlantic  Coast  Line Savannah.  Ga. 

1901  Ord,  C.  R M.  M.,  Canadian  Pacific McAdam  Jet.,  N.  B..  Can. 

1908  Osborne.  C.  H M.  M.  C.  &  N.-W.  Ry Baraboo,  Wis. 

1908  Osborne,  H.  J M.  M.,  C.  R.  I.  &  P.  Ry Crt)odland,  Kan. 

1908  Osborne,  R.  E M.  M.,  W.  G.  A  St.  L.  Ry Greenville,  Mo. 

1907  Oviatt,  H.  C M.  M.,  N.  Y.,  New  Haven  &  Hartford New  Haven.  Conn. 

1906  Owens.  W.  H M.  M.,  Southern Manchester,  Va. 

1901  Parish.  Le  Grand S.  .M.  P.,  Lake  Shore  &  Mich.  Southern  . .   Heveland.  Ohio. 

1900  Parker,  M.  B P.  ().  Box  1,  Chattanooga.  Tenn. 

1905  Parks.  Geo.  E M.  M.,  Michigan  Ontral Jackson.  Mich. 

1901  Park,  S.  T S.  M.  P.,  Chicago  &  Eastern  Illinois DanvUle,  111. 

1903^  Park.  P.  D M.  M.,  Reid  Newfoundland  Co.'s Whitboume,  N.  F. 

1903  Passmore.  H.  E M.  M..  Toledo  &  Ohio  Central Kenton.  Ohio. 

1879  Patterson.  J.  S Galena  Signal  Oil  Co Cincinnati.  Ohio. 

1903  Paul.  W.  M M.  M.,  Gal.,  Houston  A  Henderson Galveston.  Tex. 

1891  Paxton.  Thos S.  M.  P..  EH  Paso  A  South  Western El  Paso.  Tex. 

1904  Pearce,  J.  S M.  M..  Norfolk  A  Western Portsmouth.  Ohio. 

1903  Pearsall.  D.  M M.  M..  Atlantic  Coast  Line Ftorence.  8.  C. 

1899  Pearee.  H Buenos  Ayres  A  Roeario.  La  Quinta,   Rosario  de  Santa   Fe.  Arg. 

Rep..  S.  A. 

1887  Peck,  Peter  H 75  M.  M.,  C.  A  W.  I.  and  BeU Chicago,  ill. 

1901  Pengelly.  J.  H City  of  Mexico.  Mex. 

1899  Pennington,  J.  H   1047   Broadway.   New  York. 

1908  Petries,  LA M.  M.,  Oaho  Ry.  A  Land  Co Honolulu.  Hawaii. 

1897  Peyton,  H.  T M.  M.,  Atchison.  Topeka  A  Santa  Fe La  Junta.  Colo. 

1907  PfafBin.  Louis M.  M..  Indianapolis.  L^nion Indianapolis.  Ind. 

1907  Pfahler,  F.  P M.  E..  Wheeling  A  Lake  Erie Norwalk,  Ohio. 

1897  Pflager.  H.  M Commonwealth  Steel  Co St.  Louis.  Mo. 

1900  Phillips,  C M.  M..  New  Orieans  A  Northeastern Meridian.  Miss. 

1906  Phipps.  S M.  M..  Canadian  Pacific Revelstroke,  B.  C. 

1903  Piccioli.  J M.  M.,  Colorado  A  Wyoming Minnequa,  Colo. 

1905  Pierce.  F.  M M.  M..  Turner  A  Co Worth.  Ga. 

1902  Pilcher.  J.  A M.  E.,  Norfolk  A  Western Roanoke,  Va. 

1904  Pinheiro,  Antonio Mogyana  R.  R Campinos,  Brasil.  S.  A. 

1901  Place.  F.  E Buda  Foundry  A  Machine  Co Harvey,  III. 

1900  Plank.  P.  D M.  M.,  Louisville,  Hend.  A  St.  Louis Cloverport,  Ky. 

1903  Piatt,  J.  G Meadville.  Pa. 

1897  Pollitt.  Harr>' (ireat  Central Femlea,  Altricham.  Cheshire,  Eng. 

1906  Poole,  A.J G.  M.  M.,  Seaboard  Air  Line Portsmouth.  Va. 

1900  Post.  W.  F Watkina  Foundry  A  Machine  Co Hattiesburg.  Miss. 

1897  Potton.  J M.  M..  Texas  A  Pacific Big  Springs,  Tex. 

1905  Powell.  V.  U M.  M..  Illinois  Central Mattoon.  III. 

1906  Powers,  M.  J M.  M  .  Delaware  A  Hudson Carbondale,  Pa. 

1903  Pratt.  E.  W M.  M..  Chicago  A  North- Western Missouri  Valley,  Iowa. 

1907  Prendergaat,  A.  P M.  M..  Baltimore  A  Ohio Baltimore,  Md. 

1907  Prenderga.8t,  J.  L M.  .M.,  Baltimore  A  Ohio Glenwood.  Pa. 

1903  PrendergaAt.  W.  H  .  .  .  .  R.  F.  E.  M  ,  Central  of  Georgia Savannah.  Ga 
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1891  Prescott,  C.  H    M.  M.,  Spokane  International Spokane,  Wash. 

1905  Preeton,  Robert  M.  M.,  Canadian  Pacific Toronto  Jet.,  Toronto,  Can. 

1900  Prince,  S.  F.,  Jr 122  W.  49th  St.,  New  York  City.  N.  Y. 

1905  Purdy,  Job.  B  M.  M..  Hilo Hilo,  Hawaii. 

1890  Purvea.  T.  B.,  Jr S.  M.  P..  Denver  &  Rio  Grande Denver,  Colo. 

1888  Quayle,  Robert  .  .    1307  S.  M.  P.  <fc  M.,  Chicaoo  &  N .-W Ghieaoo,  III. 

1895  Quereau.  C.  H S.  E.  E.,  N.  Y.  C.  A  H.  R.  R.  R New  York,  N.  Y. 

1908  Quigley.  Jos M.  M..  C.  N.  O.  &  T.  P.  Ry Chattanooga.  Tenn. 

1908  Randolph,  J.  L  M.  M.,  B.  &  M.  R.  R E.  Cambridise,  Mass. 

1890  Randolph.  L.  S Virginia  Polytechnic  Institute Blackaburg,  Va. 

1903  Records,  J.  W M.  M.,  St.  L.,  Rocky  Mtn.  &  Pacific Cimarron.  N.  M. 

1901  Redding.  D.  J M.  M.,  Pittsburgh  &  Lake  Erie McKee's  Rocks.  Pa. 

1904  Reeves.  P.  H M.  M.,  Baltimore  &  Ohio Chillicothe.  Ohio. 

1902  Reid.  W.  L American  Locomotive  Co Schenectady,  N.  Y. 

1883  Rcnshaw.  W Chicago,  III. 

1892  Rettew.  C.  E D.  &  H.  Co Carbondale.  Pa. 

1896  Reynolds.  OH Bethlehem  Steel  Co New  York  City. 

1899  Rhodes,  L.  B M.  M.,  Georgia  Southern  A  Florida Macon,  Ga. 

1905  Rice.  J.  H M.  M.,  De  Queen  &  Eastern De  Queen,  Ark. 

1907  Richardson,  L.  A     M.  M.,  Chicago,  Rock  Island  &  Pacific.  . .  .Trenton,  Mo. 

1901  Richmond.  W.  H   M.  M..  Lake  Superior  &  Ishpeming Marquette.  Mich. 

1907  Rieckman,  W.  H A.  M.  M.,  Boston  &  Maine Mechanicaville.  N.  Y. 

1894  Riley,  George  N   M.  M..  McKeesport  Connecting Pittsburgh,  Pa. 

1902  Robb,  J.  M M.  M..  Chicago  Great  Western Chicago,  lU. 

1901  Robb,  W.  D S.  M.  P.,  Grand  Trunk Montreal,  P.  Q. 

1901  Roberts.  Jos M.  M.,  Union  Pacific Kansas  City.  Kan. 

1896  Roberts.  J.  W 1237    Bellefontaine   St..    Indianapolis,    Ind. 

1895  Robinson.  Frank Robinson  Co Boston,  Mass. 

1903  Robinson,  Maynard     ..  M.  M  ,  Gulf,  Colo.  &  Santa  Fe Temple,  Tex. 

1906  Rocsch,  F.  P M.  M.,  Southern Spencer,  N.  C. 

1896  Rogers,  M.  J 1008  West  24th  St..  Kansas  City.  Mo. 

1903  Rogers,  R.  H 21  Lee  place.  Patereon.  N.  J. 

1900  Roope,  Thos S.  M.  P..  Chicago,  Burl.  &  Quincj- Lincoln,  Neb. 

1896  Rosing.  W.  H.  V M.  E.,  Missouri  Pacific St.  Louis,  Mo. 

1895  Royal,  C.  B 101  Holly  court.  Oak  Park,  111. 

1898  Rumney.  T <;.  M.  S.,  Erie New  York.  N.  Y. 

1896  Rusch,  Peter  C M.  M..  Buffalo,  Rochester  &  Pittsburgh   .  .  Bradford.  Pa. 

1907  Russell.  A.  C M.  M..  Inter-Califomia Hifton,  Cal. 

1907  Russell,  W.  B .\8st.  Supt.  Apprentices.  N.  Y.  C.  Lines.     .  New  York  City. 

1903  Russell.  W.  H M.  M.,  Southern  Pacific W.  Oakland,  Cal. 

1893  Ryan.  E .M.  M..  Gal.,  Houston  &  San  Antonio San  Antonio.  Tex. 

1891  Ryan,  J.  J 8.  M.  P.,  Southern  Pacific Houston,  Tex. 

1892  Ryan.  Patrick MM.,  Louisville  &  Nashville Russollville,  Ky. 

1892  Sague,  J.  E Public  Service  Commission,  2d  District.  . .  Albany,  N.  Y. 

1906  Sakuma,  T M.  E.,  Imp.  Govt.  Ry Shimbashi,  Tokyo,  Japan. 

1887  Sample,  N.  W Baldwin  Locomotive  Works Philadelphia.  Pa. 

1896  Sanderson.  R.  P.  C.      .   S.  M.  P..  Virginian  Ry Norfolk.  Va 

1908  Sasscr.  E.  C M.  M.,  Southern  Ry Charlestown,  S.  C. 

1903  Scheffer,  F.  H   .234  .S.  M.  P.,  NaahviUe,  ChaU.  tt  St.  fA}uis.  .  .  .  Nashville,  Tenn. 

1903  SchUling.  R.  P M.  M..  Del.,  Lack.  &  Western Utica,  N.  Y. 

1905  Schlacks,  W.  J Old  Colony  Bldg.,  Chicago,  111. 

1904  Schlafge,  Wm M.  S..  Erie Jereey  City.  N.  J. 

1901  Seabrook,  C.  H M.  M.,  St.  Louis  Southwestern Teague,  Tex. 
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1907  Sechrist,  T.  O M.  M..  Cin.,  N.  O.  A  Texas  Pacific Somenet.  Ky. 

1907  Seddon.  C.  W, S.  M.  P.,  Duluth,  Missabe  A  Northern.  . .  .Proctor  (St.  Louis  Co.). 

Minn. 

1875  Sed«wick,  E.  V Galena  Signal-OO  Co.,  Franklin.  Pa. 

1900  Seidell,  G.  W Supt.  Shops.  Chicago,  R.  I.  A  Pacific Silvis,  lU. 

1900  Seley,  C.  A M.  £.,  Chicago,  Rock  Island  &  Pacific.  . .  .Chicago.  111. 

1907  Shaff,  C.  D.,  Jr M.  M.,  N.  Y.  Central  A  Hudson  River Watertown.  N.  Y. 

1908  Sharp,  C.  L G.  F.,  Okla.  Cent.  Ry PuroeU.  Okla. 

1908  Shaw,  B.  S M.  M.,  Durham  &  Southern  Ry Durham,  N.  C. 

1906  Shea.  R.  T Insp.  Tools  and  Machy.,  N.  Y,  C.  Lines.  .  .New  York  City. 

1903  Sheahan.  J.  F M.  M.,  Southern Knoxville,  Tenn. 

1907  Shelaberger,  John M.  M.,  Southern  Pacific  Co Bakerafield.  Cal. 

1899  Shepard,  L.  A Atha  Steel  Casting  Co Newaric,  N.  J. 

1903  Shepard.  Samuel M.  M..  Minn.,  St.  Paul  A  Sault  Ste.  Marie.  Gladstone,  Mich. 

1905  Shields,  A M.  M.,  Canadian  Northern Winnipeg,  Man.,  Can. 

1906  Shields,  H.  C Supt.,  Lehigh  A  New  England Pen  Argyl,  Pa. 

1904  Shoemaker,  H M.  M.,  Del.,  Lack.  A  Western Scranton,  Pa. 

1906  Shreve,  W.  J M.  M.,  Minn.  A  Rainy  River Deer  River,  Minn. 

1908  Siemantle,  Geo G.  M.  M.,  Ft.  Worth  A  Denver  City  R.  R..ChUdress.  Tex. 

1883  Sinclair,  Angus 114  Broadway,  New  York  City. 

1900  Singer,  Frank M.  M.,  Florence  A  Cripple  Creek Colorado  Springs,  Colo. 

1892  Sinnott,  W M.  M.,  Baltimore  A  Ohio 58th  St.,  Phihi.,  Pa. 

1889  Skinner,  H.  M.  C 579  Durfee  st.,  Fall  River,  Mass. 

1893  Slater,  Frank M.  M.,  Chicago  A  North- Western Escanaba,  Mich. 

1894  Slayton,  C.  E 810  North  10th  street,  St.  Joseph,  Mo. 

1900  Slayton,  F.  T M.  M.,  St.  Joseph  A  Grand  Island St.  Joseph,  Mo. 

1889  SmaU,  H.J 1170  G.S.M.  P.,  Southern  Pacific San  Francisco,  Cal. 

1908  Small,  J.  W S.  M.  P.,  Gila  Valley,  Globe  A  Northern  Ry .,  Tucson,  Arii. 

1903  Smith,  C.  B M.  E.,  Boston  A  Maine Boston,  Mass. 

1900  Smith,  D.  A M.  M.,  Boston  A  Maine East  Somerville,  Mass. 

1904  Smith,  E.  J M.  M.,  Atlantic  Coast  Line Florence,  S.  C. 

1893  Smith,  F.  B Indianapolis.  Ind. 

1896  Smith,  F.  C American  Locomotive  Co Providence,  R.  I. 

1900  Smith,  F.  J D.  M.  M.,  B.  A  O.  S.  W Washington,  Ind. 

1892  Smith,  John  L G.  F.,  Pitts.,  Shawmut  A  Northern St.  Maiys,  Pa. 

1900  Smith,  L.  L M.  M.,  Chicago  A  Milwaukee  Electric Highwood,  111. 

1907  Smith,  M.  W M.  M.,  Tampa  A  Jacksonville Gainesville.  Fla. 

1899  Smith,  R.  D A.  S.  M.,  B.  A  A.  R.  R Boston,  Mass. 

1905  Smith,  R.  E 538  O.S.M.P.,  Atlantic  Coast  Line Wilmington,  X.  C. 

1902  Smith,  Wm Garlock  Pckg.  Co New  York.  N.  Y. 

1869  Smith,  W.  T M.  M.,  Chesapeake  A  Ohio Covington,  Ky. 

1903  Smitham,  N.  L M.  M.,  Texas  Central Walnut  Springs,  Tex. 

1908  Smithtist,  T S.  M.  P.  A  R.  S.,  Interqceanic  Ry Pueblo,  Mex. 

1906  Smock,  F.  A M.  M.,  P.  R.  R Jersey  City,  N.  J. 

1908  Snyder,  C.  A M.  M.,  E.  P.  A  S.  W.  R.  R Douglas,  Arii. 

1891  Soule,  R.  H 1571  Beacon  St.,  Brookline,  Mas*. 

1907  Spearman,  W.  J M.  M..  Id.  A  Washington  Nor.  R.  R Spirit  Lake,  Idaho, 

1907  Sprowl,  N.  E M.  M.,  Atlantic  Coast  Line Savannah,  Ga. 

1901  Squire,  W.  C 209   Western   Union  Bldg..   Chicago,  111. 

1898  Stansbury,  CM M.  M..  Boca  A  Loyalton Loyalton,  Cal. 

1908  Steel,  Frank M.  M.,  N.  Y.  C.  A  H.  R,  R.  R East  Buffalo,  N.  Y. 

1898  Stevenson,  C.  E S.  M.  P.,  Mogyana Campinos.  San  Paulo,  Brasil,  S.  A- 

1908  Stewart,  A M.  S.,  Southern Washington,  D.  C. 

1906  Stewart,  A.  F M.  M.,  Chesapeake  A  Ohio Clifton  Fotge.  Va. 

1906  Stewart,  C.  J M.  M.,  Central  New  England Hartford,  Conn. 

1900  Stewart,  M.  D Fitz-Hugh  Luther  Co Chicago,  111. 
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1W6  Stewart,  T.  R M.  M.,  Baltimore  A  Ohio Baltimore,  Md. 

1890  Staiman,  H E.  of  T.,  Southern  Pacific Oakland,  Cal. 

1896  Stocks.  W.  H 5850    Indiana   ave.,   Chicago,    111. 

1905  Stnithers,  Alex M.  M.,  Denver,  Northweetern  &  Pacific.  . .  Denver,  Colo. 

1907  Stuart,  CM M.  M.,  Philadelphia  A,  Reading Tamaqua,  Pa. 

1890  Studer,  A.  L lola,  Kan. 

1908  Stulb.  W.  H M.  M..  Cent,  of  Ga.  Ry Savannah,  Ga. 

1901    Sullivan,  J.J G.  M.  M.,  Louisville  A  Nashville Birmingham,  Ala. 

1891  Summerskill.  T.  A St.  Albans.  Vt. 

1892  Sumner,  Eben  T M.  M.,  Boston  Sc  Maine E.  Cambridge,  Mass. 

1899    Suxuki,  S S.  M.  P.,  Kinshui Moji,  Japan. 

1901  Swoycr,  H Rogers  Locomotive  Works Paterson,  N.  J. 

1899  Symington,  T.  H : Calvert   Building,   Baltimore,   Md. 

1908  Symons,  J.  E D.  M.  M.,  Gulf.  Colo.  A  Santa  Fe  Ry Cleburne.  Tex. 

1892  Symons,  W.  E Pioneer  Cast  Steel  Truck  Co Postal  Telegraph  Bldg. 

Chicago,  ni. 

1883  Tandy,  H Supt.,  Canadian  Locomotive  Works Kingston,  Ont.,  Can. 

1896  Tawse,  Rol>ert Ann  Arbor Owosso,  Mich. 

1893  Taylor,  CM S.  M.  P.,  Chgo..  Rock  Island  &  Pacific.  . . .  Shawnee,  Okla. 

1901  Taylor,  H.  D S.  M.  P.  &  R.  E.,  Phila.  <fe  Reading Reading,  Pa. 

1893  Taylor,  Wm.  H M.  M.,  N.  Y.,  Suaq.  <fe  Western Stroudsburg,  Pa. 

1905  Taylor,  W.  M M.  M..  Thornton  &  Alexandria Thornton,  Ark. 

1905  Temple.  C  H M.  M.,  Canadian  Pacific Winnipeg,  Man. 

1904    Terrill,  C  H M.  M..  Chesapeake  A  Ohio Huntington.  W.  Va. 

1904  Thomas,  E S.  M.  P.,  Andino  Ry Rio  Cuarto,  Aig.  Rep.,  S.  A. 

1908  Thomas,  F.  W Supervisor  of  App..  A.  T.  A  S.  F.  Ry Topeka,  Kan. 

1891  Thomas,  H.  T M.  M.,  Detroit  A  Mackinac East  Tawas.  Mich. 

1903  Thomas,  P.  G  M.  M.,  Central  R.  R.  of  N.  J Ashley,  Pa. 

1892  Thomas,  J,  J.,  Jr M.  M.,  AtUntic  Coast  Line So.  Rocky  Mto-,  N.  C. 

1901  Thomas,  W.  J Christobal  Shops Canal  Zone. 

1890  Thompson,  C  A Morris  Park,  Long  Island.  N.  Y. 

1903  Thompron,  E.  B A.  S.  M.  P..  Chicago  A  North- Western Chicago,  111. 

1896  Thompson.  Geo S.  M.  P.,  Denver,  Northwestern  A  Pac  . . .  Denver,  Colo. 

1902  Thompson.  W.  O M.  C  B..  N.  Y.  Central  A  H.  R.  R.  R  ...  .Buffalo,  N.  Y. 

1895  Thompson.  W.  T 38   Anderson  place,   Buffalo,   N.   Y. 

1902  Thornton,  Chas.  J L.  S.,  United  Rys.  of  Havana Havana,  Cuba. 

1883  Thow,  Wm C  M.  E.,  Government  Rys Sydney,  N.  S.  W. 

1903  Tinker,  J.  H M.  M.,  Chicago  A  Eastern  Illinois Danville.  111. 

1903  Todd,  A.  B M.  M..  Southern  California Richmond,  Cal. 

1892  Todd.  Louis  C M.  M..  Boston  A  Maine Chariestown.  Mass. 

1896  Tollerton.  W.  J A.  G.  S.  M.  P.,  Chicago.  R.  L  A  Pacific  . .  .Chicago.  lU.' 

1901    Toltz,  Max Manistee  A  Grand  Rapids Manistee,  Mich. 

1893  Tonge,  John M.  M.,  Minneapolis  A  St.  Louis !kIinneapolis,  Minn. 

1907    Tonge,  TTios.  J S.  M.  P.  A  R.  S.,  Santa  Fe  Central Estancia,  N.  M. 

1903    Torrey,  F.  A S.  M.  P.,  Chicago,  Bur.  A  Quincy Chicago,  HI. 

1896  Tracy,  W.  L M.  M..  Louisville  A  Nashville Louisville.  Ky. 

1892  Traver.  W..  H Chicago  Pneumatic  Tool  Co Chicago.  El. 

1383  Tregelles.  Henry Care  Norton,  Megaw  A  Co.,  Rio  de  Janeiro,  Brazil. 

1903  Trumbull.  A.  G M.  S..  Erie Qeveland.  Ohio. 

1890  Tug^e,  8.  R S.  M.  P..  Houston  A  Texas  Central Houston,  Tex. 

1«3  Tuma,  Frank M.  M.,  Erie Buffalo.  N.  Y. 

1«99  Turner.  A M.  M.,  Lehigh  Valley South  Easton.  Pa. 

1390  Tomer,  Calvin  G M.  M.,  Phila..  Bait.  A  Washington Wilmington.  Del. 

1W6  Turner,  J.  A M.  M.,  C.  St.  P.  M.  A  O.  Ry Itasca,  Minn. 

1886  Turner,  J.  8 Pressed  Steel  Car  Co 24  Broad  at.,  N.  Y.  City 

1890  Twfur,  LM 189  5.  Af.  P..  PiUtburg  &  Lake  Erie PitUbwo,  Pa. 

1906  TurUe,J.A ....M.M..  Union  Pacific Omaha,  Neb. 
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1904  Uddenbeis,  C.  E A.  8.  M.  P.,  Swedish  Govemment Boden.  Sweden. 

1898  Van  Alstyne,  D American  Locomotive  Co New  York. 

1905  Vanaman.  CD M.  M.,  Florida  East  Coast St.  Augustine,  Fla. 

1904  Van  Buakxrk,  H.C  172  S.  M.  P.,  Colorado  A  Southern Denver,  Colo. 

1896  Van  Cleave.  J.  R M.  M.,  Alaska  Central Seward.  Alaska. 

1904  Van  Etoren,  G.  L 8.  S..  Central  R.  R.  of  New  Jersey     Roselle  Park,  N.  J. 

1905  Van  Ripper.  D.  F M.  M..  Erie Avon,  N.  Y. 

1891  Vauclain,  Samuel  M  .  .  .Baldwin  Locomotive  Works Philadelphia.  Pa. 

1898  Vaughan,  H.  H 550  AmI.  to  V.  P.,  Canadian  Pacific Montreal,  Can. 

1903  Veraet,  C.  C 8.  M.  P.,  Western  Ry.  of  Havana Havana.  Cuba. 

1892  Vogt.,  A.  S M.  E.,  Pennsylvania Altoona,  Pa. 

1904  Waddington,  John Dist.  Loco.  Supt..  Central  Northern  R.  R.    S.  Cristobal.  Arg.  Rep., 

8.  A. 

1904  Wagstaff.  George S.  B..  New  York  Central  Lines Buffalo,  N.  Y. 

1905  Wahlcn,  John M.  M.,  Montpelier  «fc  Wells  River     Montpelier,  Vt. 

1892  Waitt,  A.  M 165  Broadway,  New  York  City.  N.   Y. 

1893  Walker,  Henrj-  E Buenos  Aires  Great  Southern  .  .    .Buenos  Ayre-*.  .\rg.  Rep..  S.    A. 

1908  Wall,  G.  L M.  E.,  Lima  Loco.  &  Mach.  Co Lima.  Ohio. 

1908  Wall.  H.  S M.  M..  Atchison,  Topeka  A  Santa  Fe Needles,  Cal. 

1904  Wallace,  W.  G Care  of  American  Steel  Foundries Chicago,  III. 

1888  Wallis,  Phillip    Hotel   Roanoke,   Roanoke.    Va. 

1900  Walsh,  F.O 32  M.  M.,  A.  ik  W.  P.  &  W.  Ry.  of  Ala Montgomery,  Ala. 

1903  Walsh.  J.  F S.  M.  P.,  Chesapeake  &  Ohio Richmond.  Va. 

1874  Walsh,  Thos M..M.,  Louisville  &  Nashville Howell,  Ind. 

1902  Walsh,  W.  C M.  M.,  Missouri  Pacific Ft.  Scott.  Kan. 

1908  Walsh.  W.  F M.  M.,  Virginia  Air  Line  Ry Lindsay,  Va. 

1896  Walton,  E.  A S.  M.  P..  N.  Y.  C.  &  H.  R.  R.  R W.  Albany,  N.  Y. 

1883  Warren.  Beriah 1619  Pennsylvania  ave..  St.  Louis.  Mo. 

1882  Warren,  W.  B Supt.  St.  L.,  Troy  &  Eastern St.  Louis.  Mo. 

1908  Wamock,  H.  P G.  F.  L.  D.,  Monongahela  R.  R Brownville,  Pa. 

1903  Waters,  J.  J S.  M.,  Mex.  Central .Xguiscalientes.  Mex. 

1906  Watkins.  W.  H M.  M..  Illinois  Central Water  Valley,  Miss. 

1908  Watson,  R.  B   Engr.  Tests.  Erie  R.  R Meadville.  Pa. 

1902  Watson.  Samuel M.  M..  N.  Y.  C.  &  H.  R.  R.  R Avis.  Pa. 

1904  Wattere,  J.  H   A.  M.  M.,  Georgia Augusta,  Ga. 

1883  Watts,  Amos  H M.  M.,  Cincinnati  Northern Van  Wert,  Ohio. 

1907  Webb,  E.  R M.  M.,  Michigan  Central Michigan  City,  Ind. 

1907  Weisgerber.  EL M.  M..  Baltimore  A  Ohio Newark.  Ohio. 

1899  Weist,  E.  N M  M.,  Manistee  &  North-Eastern .Manistee.  Mich. 

1900  Welch,  C.  H M.  M.,  Midland  Valley Excelsior,  Ark. 

1906  Wells.  M.  E A.  M.  M.,  Wheeling  &  Lake  Erie Massillon,  Ohio. 

1880  West,  G.W 167  S.  M.P.,  N.Y.O.iAW Middletown,  N.  Y. 

1903  Whale,  George C.  M.  E..  London  A  Northwestern Crewe.  England. 

1907  White,  Alfred   S.  M.,  Copper  River  A  North-Western.  . . .  KataUa.  Alaska. 

1885  White,  A.  M American  Looonootive  Co Manchester,  N.  H. 

1894  White,  E.  T S.  M.  P.,  Baltimore  A  Ohk> Mt.  Clare.  Baltimore,  Md. 

1908  White,  J.  E M.  M..  LouisviUe  A  Nashville Pensacola,  Fla. 

1901  White,  W 225  Ry.  Exchange  Bldg.,  Chicago.  IlK 

1898  Whyte,  F.  M C.  M.  E.,  N.  Y.  Central  Lines New  York  City. 

1905  Wickhorat,  M.  H E.  of  T.,  Chicago,  Buri.  A  Quincy Aurora,  III. 

1894  Wiggin,  Chas,  H 8.  M.  P.,  Boston  A  Maine Boston,  Mass. 

1878  Wightman,  Dv  A Warren,  R.  I. 

1891  Wilcox,  W.  J M.  M.,  Mexican  Central Chihuahua,  Mex. 

1901  Wildin,  G.  W M.  S.,  N.  Y.,  New  Haven  &  Hartford New  H^ven,  Conn. 
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1896  WOliams,  Alfred Paulista  Ry.  Co Paulista,  Brazil,  S.  A. 

1905  WiUiams,  C.  R Q.  M.  M.,  Buffalo  A,  Susquehanna Galeton,  Pa. 

1891  Williams,  E.  A 96  Lembeck  ave.,  Jersey  City,  N.  J. 

1903  WiUiams.  F.  W S.  M.  P.,  C.  R.  I.  &  G.  Ry Ft.  Worth.  Tex. 

1905  Willius,  Gustav,  Jr M.  E.,  Great  Northern St.  Paul.  Minn. 

1905  Wilson,  Charles M.  M.,  Lehigh  Valley .' .  Wilkesbarre.  Pa. 

1906  Wilson,  D.  H.,  Jr Elec.  En«r.,  Erie Meadvillc.  Pa. 

1887  Wilson,  G.  F P.  A.,  Del.,  Lack.  &  Western New  York  City. 

1901  Wilson,  W.  H  S.  M.  P.,  Buffalo,  Roch.  &  Pittsburg Du  Bois.  Pa. 

1900  Wirt.  G M.  M.,  C.  C.  C.  &  St.  L Delaware,  Ohio. 

1900  Withers,  A.  B 321  Chatham  ave Rock  Hill.  S.  C. 

1907  Witheispoon,  David.  .  .G.  F.,  Central  R.  R.  of  N.  J Bayonne.  N.  J. 

1906  Woodbridgc.  H.  C M.  M.,  Buffalo,  Roch.  &  Pittsburgh E.  Salamanca.  N.  Y. 

1903  Woodruff,  S.  N M.  M.,  Minn.,  St.  P.  &  Sault  Ste.  Marie  . .  .Enderlin.  N.  D. 

1903  Worsdell.  Wilson C.  M.  E.,  North-Eastern Gateshead-on-Tyne,  Eng. 

1901  Wright,  R.  V American  Engineer 285  N.  20th  St.,  E.  Orange,  N.J. 

1907  Wyman,  R.  L M.  M.,  Lehii^  &  New  England Pen  Argyl,  Pa. 

1907  Yamamoto,  Y M.  E.,  South  Manchurian Tairen,  Manchuria. 

1908  Yeager,  Thos M.  M.,  Illinois  Southern Sparta,  III. 

1903  Yergens,  W.  F M.  M.,  Erie Huntington,  Ind. 

1896  Yohn,  A.  E M.  M.,  H.  &  B.  T.  Mtn Saxton.  Pa. 

1899  York,  C.  C B.  A.  A  Pacific.  .Estaoion  Junin,  Buenos  Ayres,  Arg.  Rep.,  S.  A. 

1907  Yoahino.  M S.  M.  P.,  South  Manchurian Tairen.  Manchuria. 

1902  Young,  C.  B M.  E.,  Chicago,  Buriington  &  Quincy Chicago,  111. 

1908  Young,  CD A.  E.  M.  P.,  Penna.  Lines  West Columbus.  Ohio. 

1905  Yoimg,  R.  R Repr.,  Southern  Iron  &  Equip.  Co Atlanta.  Ga. 

1907  Zang,  P.  C M.  M.,  N.  Y.,  New  Haven  A  Hartford New  Haven,  Conn. 

1898  Zerbee.  F.  J M.  M.,  C.  C.  C.  A  St.  L Bellefontaine,  Ohio. 


ASSOCIATE  MEMBERS. 


JOISZD.  NAME.  ADDRESS. 

1893  Baker,  Geo.  H 227  Monroe  St.,  Brooklyn,  N.  Y. 

1898  Basford,  G.  M Amer.  Loco.  Co.,  30  Church  St..  New  York  City. 

1898  Bates,  E.  C Lock  Box  1544,  Boston,  Mass. 

1907  BeD,  J.  Snowden 31  Nassau  St.,  New  York  City. 

1903  Casey.  F.  A 271  Franklin  St.,  Boston,  Mass. 

1896  Fowler,  Geo.  L 53  Broadway,  New  York  City. 

1907  Fiy,  Lawford  H  110  Cannon  St.,  London,  E.  C,  Eng. 

1895  Goes,  W.  F.  M ' Purdue  University,  Lafayette,  Ind. 

1889  Hill,  John  A 505  Peari  St..   New   York  City. 

1904  Hodgins,  George 136  Liberty  st.   New  York  aty . 

1899  Kneass,  Strickland  L Wm.  Sellers  Co.,  Ltd..  Philadelphia,  Pa. 

1901  Lane.  F.  W 87  St.  Nicholas  place.   New  York 

1904  Lanza,  Gaetano Mass.  Inst,  of  Technology,  Boston,  Mass. 

1901  Player,  John American  Loco.  Co.,  Brooks  Works.  Dunkirk,  N.  Y. 

1880  Pomeroy,  L.  R Safety  Car  Htg.  &  Ltg.  Co.,  2  Rector  St.,  N.  Y.  City. 

1899  Smart,  R.  A Westinghouse  E.   &   M.   Co.,   Pittsburgh,   Pa. 

1882  Smith,  W.  A Manhattan  Bldg.,  Chicago,  HI. 

1899  Street,  Clement  F Westinghouse  E.  &  M.  Co.,  Pittsburgh,  Pa. 

1903  Taylor,  Jos.  W 390  Old  Colony  Bldg.,  Chicago,  111. 
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HONORARY  MEMBERS. 


1885  Becker.  Andrew New  Deoatur,  AU. 

1879  Ciooket  Allen DanyiUe,  IlL 

1869  CSoolidge,  Q.  A Barnard  ave.,  Watertown,  Mass. 

1870  Cooper,  H.  L CheBterton,  Ind. 

1876  Ck>ry,  Chas.  H Lima,  Ohio. 

1896  Oo.ter,  E.  L R«ld«.c  Irvi«,U.n^n-Hud«,n {  f^^^tTy"  Qt;. 

1870  Divine.  J.  F Atlantic  Coaat  Line. Wilmington,  N.  C. 

1881  Eaatman,  A.  G ' Sutton,  Que. 

1869  Elliott,  Henry East  St.  Louis.  HI. 

1881  Ennis.  W.  C Panaic,  N.  J. 

1872  FoM,  J.  M Central  Vermont St.  Albans,  Vt. 

1885  Qalloway,  A C.  H.  <fe  D Cincinnati,  Ohio. 

1871  Hewitt,  John 1323  So.  Jefferson  St.,  St.  Louis.  Mo. 

1874  Jeffery.  E.  T Denver  A  Rio  Grande Denver,  Colo. 

1868  Johan,  Jacob Sprincfield,  lU. 

1868  Kinsey,  J.  I Lehigh  Valley Easton,  Pa. 

1878  Maglenn,  Jas Seaboard  Air  Line Raleigh,  N.  C. 

1869  McKenna,  John 2005  N.  Alabama  ave.,  Indianapolis,  Ind. 

1888  Medway,  John 7  Hawthorne  ave.,  Troy,  N.  Y. 

1871  Miles,  F.  B Bement  &  Miles Philadelphia,  Pa. 

1885  PaxBon,  L.  B Philadelphia  &  Reading Reading,  Pa. 

1878  Pilsbuxy,  Amos Portland,  Me. 

1874  Place,  T.  W Waterloo,  Iowa. 

1881  Player.  John 319  Franklin  ave..  River  Forest,  111. 

1887  Rhodes,  Godfrey  W .* Westbaugh,  Pontefraot,  Yorkshire,  England. 

1869  Richards,  George 14  Auburn  St.,   Roxbury,    Mass. 

1870  Robinson,  W.  A Hamilton.  Ont. 

1874  Schlacks.  Henry Denver,  Colo. 

1869  SeUers,  Morris Western  Union  Bldg.,  Chicago,  111 

1869  Setchel,  J.  H Cuba.  N.  Y. 

1891  Sheer.  J.  M 614  7th  St..  East  St.  Louis.  III. 

1888  Sheppard.  F.  L Pennsylvania. Altoona.  Pa. 

1868  Sprague.  H.  N Jamestown,  N.  Y. 

1875  Strode.  Jas i Ehnira,  N.  Y. 

1883  Sullivan,  A.  W IllinoiB  Central Chicago,  111. 

1883  Thomas,  W.  H 4230    Spruce   St.,   Philadelphia,    Pa. 

1869  Thompson,  John 51  Lakewood  Road,  Newton  Hii^ilands,  Mass. 

1870  Towns,  H.  A 54  S.  3d  St.,  Minneapolis,  Minn. 

1883  Twombly,  F.  M j 5  Westville  St.,  Dorchester,  Mass. 

1868  Wells,  Reuben Paterson,  N.  J. 
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PROCEEDINGS. 


MONDAY'S   SESSION. 

The  President,  Mr.  William  Mcintosh,  of  the  Central  Rail- 
road of  New  Jersey,  called  the  meeting  to  order  at  9 :  30  o'clock 
and  said: 

Will  the  Past  Presidents  of  both  the  Master  Car  Builders^ 
Association  and  the  Master  Mechanics'  Association,  the  President 
of  the  Master  Car  Builders'  Association  and  the  members  of  the 
Executive  Committee  of  the  Master  Mechanics'  Association  come 
forward  and  take  seats  on  the  platform? 

Mr.  J.  H.  Setchel  invoked  the  Divine  blessing. 

The  President:  Mayor  Franklin  P.  Stoy  has  kindly  con- 
sented to  welcome  us  to  his  fair  city.    [Applause.] 

Mayor  F.  P.  Stoy  :  Mr.  Chairman,  Ladies  and  Members  of 
the  American  Railway  Master  Mechanics'  Association :  If  there 
is  one  thing  that  I  love,  especially  when  the  thermometer  is 
sporting  around  the  eighties,  it  is  to  march  behind  a  band. 
[Laughter  and  applause.]  I  remember  last  year  telling  the 
members  of  this  Association  that  if  they  would  return  to  our 
city  we  would  certainly  give  them  a  warm  time.  Now,  with 
the  weather  we  have  provided  for  you  and  the  little  heat  that 
has  been  turned  on,  I  believe  you  recognize  I  have  been  keeping 
my  word. 

It  is  a  pleasure,  ladies  and  gentlemen,  to  be  here  this  morn- 
ing, to  bid  you  welcome  to  the  city,  to  offer  you  the  freedom  of 
the  city.  While  it  is  perhaps  a  little  late,  nevertheless  I  should 
feel  very  much  aggrieved  if  you  should  leave  the  town  unless  I 
M-3 
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saw  this  organization  in  a  body  and  had  the  opportunity  of 
extending  it  an  individual  welcome. 

The  other  part  of  this  institution  collectively,  as  you  come 
here,  have  had  their  welcome.  They  have  had  all  extended  to 
them  that  they  needed,  I  presume;  at  least  I  found  it  so  in 
some  cases.  [Laughter.]  When  I  extended  the  freedom  to  the 
delegations  I  expected  that  they  would  enjoy  themselves  to  their 
most  hearty  content.  Now,  while  they  have  all  these  good  sun- 
shiny days  and  moonlight  nights  and  have  enjoyed  themselves 
to  a  great  extent,  I  want  to  say,  I  will  again  call  to  your  minds 
that  the  people  of  Atlantic  City  will  do  better  next  year  if  you 
will  promise  to  come  back. 

I  understand  that  the  space  that  has  been  supplied  by  your 
organizations  here  has  been  somewhat  extended  over  last  year, 
and  we  appreciate  the  presence  of  this  Association  perhaps  more 
than  any  that  come  to  our  shore,  and  I  assure  you  the  people  in 
general  all  over  the  city  look  forward  to  these  occasions  as 
much  as  you  do.  It  is  a  benefit  to  us,  and  I  told  the  delegation 
at  the  last  meeting  it  certainly  must  be  a  great  benefit  to  you. 

I  thank  you,  Mr.  President,  for  this  occasion.  I  trust  that 
you  will  observe  that  our  hotel  fraternity  is  doing  all  it  can 
to  bring  this  institution  to  Atlantic  City  again,  and  I  certainly 
will  heartily  cooperate  with  them,  and  we  believe,  as  we  are 
going  along  year  after  year,  if  you  choose  to  come  back  that  we 
may  make  it  a  little  hotter  for  you.     [Laughter.] 

With  these  few  words,  Mr.  President,  I  hope  to  meet  you 
not  only  individually  again  but  collectively.     [Applause.] 

The  President:  I  will  call  on  our  ex-President,  Mr.  J.  F. 
Deems,  to  respond  to  the  remarks  of  Mayor  Stoy. 

Mr.  Deems  :  Mr.  President,  Mayor  Stoy,  Ladies  and  Gentle- 
men —  I  feel  myself,  this  morning,  in  a  rather  embarrassing 
position  when  called  upon  to  perform  this  duty,  owing  to  the 
fact  that  by  contrast  with  the  work  done  by  my  friend,  Mr. 
Eugene  Chamberlin,  at  the  Master  Car  Builders'  convention,  I 
know  that  I  must  suffer  greatly.  I  won't  attempt  to  go  into 
any  of  the  beautiful  rhetoric  that  he  did  about  the  huckleberries 
and  the  jimpson  weeds  clinging  around  the  door,  and  all  that 
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sort  of  thing  —  it  is  all  right,  I  guess.  [Laughter.]  This 
occasion  brings  to  my  mind  a  story  that  I  heard  some  time, 
some  place,  in  some  way,  about  an  occasion  when  Daniel  Webster 
was  engaged  in  a  debate  in  Congress.  One  of  those  who  were 
opposing  him  happened  to  notice  that  Mr.  Webster  had  fallen 
asleep,  said  to  a  gentleman  as  he  was  rising  to  speak,  that 
Mr.  Webster  was  asleep:  like  a  flash,  the  answer  came  back, 
"  For  God's  sake,  don't  wake  him  up."  So  if  Mr.  Chamberlin  is 
here  and  is  asleep,  don't  wake  him  up.  Inasmuch  as  h^had 
the  freedom  of  the  city  last  night  it  is  within  the  range  of  at  least 
a  remote  possibility  that  he  is  not  very  much  awake.  I  hope  so 
at  any  rate.     [Laughter.] 

I  was  speaking  about  the  freedom  of  the  city,  whatever  that 
is.  I  understand  there  have  been  some  misgivings  in  the  minds 
of  Mayor  Stoy  and  his  associates  about  extending  the  freedom 
of  the  city  to  the  Master  Mechanics.  It  seemed  all  right  as  far 
as  the  Master  Car  Builders  were  concerned,  because  with  that 
nestor  of  the  Master  Car  Builders'  Association,  Mr.  Chamberlin, 
as  a  chaperon,  they  felt  that  everything  would  be  conducted 
properly.  But  they  were  not  quite  so  sure  about  the  Master 
Mechanics.  Another  question  that  has  come  up  in  connection 
with  this  subject,  is  whether  the  freedom  of  the  city  includes  the 
freedom  of  Egg  Harbor.  That,  I  think,  will  be  one  of  the  very 
strong  inducements  to  get  the  Convention  to  come  back  here 
again  next  year,  from  what  I  hear  about  it. 

I  will  say  that  for  one  I  feel  that  Atlantic  City  has  done 
herself  proud.  I  believe  that  I  voice  the  sentiments  of  most  of  the 
members  of  both  conventions  when  I  say  that.  I  think  that  I  can 
say,  and  in  doing  so,  express  the  sentiments  of  nearly  all  of  them, 
that  we  feel  that  Atlantic  City  has  done  very  well  by  us,  and  we 
thank  them  sincerely  for  their  kindness  and  especially  Mayor 
Stoy  for  the  kindness  that  he  has  shown  us  in  many  ways ;  and  I 
hope  that  it  may  be  thought  desirable  to  come  back  again  next 
year,  and  I  am  sure  if  they  can  extend  the  freedom  of  Egg 
Harbor  along  with  Atlantic  City  there  will  be  very  little  doubt 
about  our  returning.    I  hope  they  can  make  such  an  arrangement. 

I  thank  Mayor  Stoy  and  Atlantic  City  for  their  kindness. 

President  Mcintosh  then  presented  his  annual  address. 
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To  the  Members  of  the  Association  and  Friends: 

Officially  and  personally  I  welcome  you  to  the  forty-first  annual  con- 
vention of  this  Association,  which  has  already  covered  the  span  of  the  active 
life  of  man  and  which  is  ready  for  its  best  and  most  efficient  work.  You 
need  no  word  of  mine  to  stimulate  or  inspire  yonr  efforts,  but  let  me  entreat 
you  all  to  remember  that  because  of  the  greatness  of  the  problems  before 
us,  because  of  the  montunental  work  that  is  behind  us,  much  is  expected  of 
us  for  the  future,  and  we  must  make  this,  and  every  convention  which  is  to 
come,  more  effective  than  any  that  have  gone  before. 

Let  us  remember  that  this  Association  has  seen  the  small  problem  grow 
to  be  one  of  the  very  greatest  problems  faced  by  man.  Think  a  moment 
of  the  locomotives  and  trains,  the  ships,  the  bridges,  the  tunnels,  the  build- 
ings, the  cities  which  we  knew  as  children;  think  of  them  again  as  they 
have  grown  to  the  present  state.  Statistics  are  not  needed  to  show  that 
we  have  a  man's  task  before  us.  A  gray  hair  or  two  that  speaks  of  experi- 
ence is  the  authority  upon  which  we  place  before  those  who  are  to  take  our 
places  the  rule  of  life  that  will  be  most  greatly  needed  in  the  future. 

Without  question,  our  greatest  problem  is  that  of  the  selection,  treat- 
ment and  organization  of  men.  The  recent  years  of  abnormal  business 
activity  have  brought  to  the  surface  the  slumbering  tendency  of  organized 
labor  to  drift  away  from  harmonious  relations  with  employers  and  array 
itself  on  the  side  of  the  radical  and  demagogue,  who  seek  notoriety  and 
selfish  advancement  in  creating  and  fostering  discord  between  employers 
and  employees  whose  every  interest  are  identical.  We  know  that  any 
attempt  on  the  part  of  either  to  operate  independently  must  result  disas- 
trously. The  demagogue  and  the  radical  lay  great  stress  on  the  instances 
where  some  few  in  financial  and  commercial  lines  have  overstepped  the 
boundaries  of  correct  business  methods,  and  these  would-be  reformers,  in 
their  rampant  enthusiasm,  would  destroy  the  whole  business  structure,  and 
invite  railroad  employees  to  participate  in  the  movement,  under  the  vague 
proposition  that  in  some  mysterious  way  they  would  be  benefited  by  the 
catastrophe. 

The  sovereign  remedy  is  lower  tariffs,  in  the  face  of  low  rates  and 
already  large  reductions  from  natural  causes,  and  other  embarrassment  of 
the  railroads  with*  class  legislation  and  impracticable  laws,  confiscatory  in 
scope  and  surrounded  with  political  red  tape,  that  would  largely  increase 
operating  expenses  and  further  reduce  earnings.  How  can  employees 
expect  to  be  benefited  by  such  complications  ?  Their  interests  are  so  closely 
allied  with  the  interests,  of  the  company  they  serve  that  they  must  be  pro- 
portionately affected  by  reduced  earnings.  There  is  no  magic  way  of 
escaping.    The  laws  that  govern  are  immutable. 

The  points  of  issue  between  railroad  companies  and  their  employees  are 
usually  few  in  number  and  easy  of  solution.  Wages  are  at  present  generally 
satisfactory,  and  only  questions  of  methods  conflict.  Mechanics,  especially 
machinists,  are  reluctant  to  adopt  other  than  hourly  rates  of  pay,  while 
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manufacturers  and  corporations  are  in  favor  of  some  system  of  fixed  out- 
put, profit-sharing  or  piece  work.  The  men  claim,  and  with  some 
grounds  for  their  contention,  that  they  have  frequently  been  treated 
unfairly  where  piece  work  has  been  adopted.  This  was  often  owing  to 
bad  judgment  on  the  part  of  local  officials  in  their  efforts  to  adjust  piece- 
work prices  that  had  been  established  at  unreasonably  high  figures;  as 
a  result  of  the  adoption  of  hurriedly  prepared  piece-work  schedules,  or  per- 
haps no  schedule  at  all,  merely  guessing  at  prices  and  then  arbitrarily 
putting  them  in  force.  On  the  other  hand,  workmen  have  interfered  with 
normal  results  by  restricting  the  output,  under  the  mistaken  idea  that  they 
would  benefit  thereby.  Abnormal  rates  are  bound  to  result  from  such 
methods,  and  dissatisfaction  and  protests  from  the  workmen  follow,  f9r  no 
matter  how  fairly  and  carefully  these  adjustments  are  made,  the  workmen 
are  naturally  suspicious  that  some  advantage  is  being  taken  of  them.  It  is 
evident,  therefore,  that  the  establishment  of  piece-work  prices  should  be 
arranged  with  the  utmost  care  and  deliberation.  It  must  further  be  borne 
in  mind  that  agreements  to  be  enduring  and  stand  the  test  of  time  should 
be  agreeable  to  both  parties  interested,  and  that  due  consideration  should 
be  given  the  workmen's  side  of  the  question,  in  order  to  insure  this  result. 
Fairly  adjusted  piece-work  rates  should  prove  advantageous  to  the  work- 
men, enabling  them  to  earn  much  better  wages  with  but  little  greater  phys- 
ical effort,  only  requiring  closer  mental  application  and  attention  to  details 
on  their  part,  while  the  manufacturers  and  corporations  would  be  the  gain- 
ers by  having  their  tools  and  machinery  working  at  all  times  to  their  full 
capacity. 

The  only  one  to  suffer  under  the  stipulated  output  system  is  the  indif- 
ferent and  lazy  workman.  There  should  be  no  place  in  the  ranks  of  honest 
railroad  mechanics,  nor  in  the  membership  list  of  labor  organizations,  for 
the  dissolute  floater,  inefficient  imposter  and  agitator,  who  demands  the 
highest  rate  of  pay  for  the  smallest  return,  by  him,  in  labor  and  its  products, 
giving  most  of  his  time  and  energy  to  sowing  seeds  of  discord  among  his 
fdlow  workers,  seeking  to  make  himself*  a  leader  in  his  organization  and 
always  in  bitter  opposition  to  the  independent  workman  who  prefers  to  win 
increased  compensation  and  promotion  upon  his  merits. 

There  is  another  kind  of  workman,  however,  who  should  be  welcome 
to  both  the  companies  and  the  unions.  He  would  first  be  a  citizen  of  good 
repute,  or  at  least  had  declared  his  intention  to  become  a  citizen ;  he  should 
be  a  good  mechanic  —  his  union  demands  that ;  he  would  be  a  map  of  good 
habits  —  his  union  requires  that,  too;  he  would  do  an  honest  day's  work, 
seeing  that  the  tools  and  machines  entrusted  to  liis  care  were  properly 
handled,  and  that  the  latter  were  always  working  to  their  full  capacity,  and 
that  his  employer's  interests  would  be  advanced  in  every  way  possible.  An 
organization  founded  on  such  principles  would  require  no  coercion  to  obtain 
membership  and  its  members  would  not  be  seeking  employment,  for  they 
would  always  be  in  demand.  I  am  confident  there  is  not  a  member  of  this 
Association  who  would  not  be  glad  to  secure  the  services  of  such  men. 
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In  my  railroad  experience,  extending  over  forty  years  of  active  service 
in  different  departments  and  various  branches  of  railroad  work,  much  of 
the  time  in  charge  of  large  bodies  of  workmen,  I  can  not  recall  an  instance 
where  it  has  not  been  possible  to  adjust  any  of  the  ordinary  difference^ 
that  arise  by  free  and  frank  discussion  of  the  questions  at  issue  with  the 
men  affected.  I,  therefore^  think  the  average  railroad  employee  is  too 
intelligent  to  be  led  very  far  astray  by  scheming  politicians  or  unwise 
agitators.  They  must  keep  in  mind  that  their  own  and  their  families' 
interests  are  bound  up  with  the  company  they  serve,  and  that  they  can  not 
prosper  when  the  company  does  not.  No  doubt  they  have  grown  up  in  the 
service,  and  their  fathers  before  them.  Many  of  the  present  officials  have 
been  advanced  from  their  ranks  and  there  should  be  no  reason  why  they, 
too,  should  not  become  officials  in  due  time.  Then  why  should  they  com- 
bine with  those  who  would  embarrass  the  company,  when  their  every 
interest  is  with  it  and  against  such  a  proposition?  Officials  and  workmen 
should  join  hands  and  stand  shoulder  to  shoulder  against  this  common 
enemy  and  resist,  by  every  honest  means,  its  efforts  to  handicap  their 
prosperity.  .  One  year  ago  there  were  approximately  one  million  six  hun- 
dred thousand  railroad  employees  in  this  country,  and  their  influence  pre- 
vails wherever  civilization  and  commerce  extends.  Their  efforts  unitedly 
directed  to  protect  the  railroads  from  unjust  attack  would  exert  such 
restraint  upon  the  radical,  of  whatever  class,  as  to  cause  him  to-  stop  and 
consider  and  modify  his  actions  to  conform  to  fair  dealing  and  the  interests 
and  wishes  of  those  employed  by  the  companies,  and  depending  upon  their 
success  for  support  for  themselves  and  their  families.  The  folly  of  work- 
men assisting  in  directly  or  indirectly  curtailing  the  earning  capacity  of  the 
railroads,  and  at  the  same  time  expecting  to  continue  to  draw  the  liberal 
wages  they  were  receiving  when  earnings  were  good,  is  about  as  ridiculous 
as  the  tailor  to  expect  golden  eggs  after  he  had  killed  the  goose  that  laid 
them. 

My  honored  predecessor  pleaded  eloquently  for  a  man.  He  said,  "  We 
have  inherited.  What  shall  we  bequeath  ?  "  Yes,  we  want  many  men,  both 
in  command  and  in  the  ranks.  Wise  men,  strong  men  in  their  respective 
lines,  reasonable  men  and  independent  men,  who  would  respect  the  rights 
of  others  as  readily  as  they  would  contend  for  their  own.  We  must  have 
young  men  qualifying  themselves  for  advancement,  young  men  with  patience 
and  determination  to  work  up,  step  by  step,  to  the  most  important  posi- 
tions. It  should  not  be  necessary  to  seek  beyond  their  ranks  for  selections 
to  fill  positions  that  become  vacant.  There  should  be  a  waiting  list  of  men 
available.  Each  of  us  who  now  occupy  official  positions  should  have  his 
own  successor  selected,  so  far  as  it  is  possible  to  prepare  and  qualify  him 
by  training  for  the  position. 

No  doubt  we  do  not  know  our  men  as  well  as  we  should,  and  while  it 
may  be  impossible  to  gather  this  intimate  knowledge  directly,  we  can  accom- 
plish much  by  gathering  indirect  information  and  keeping  systematic  rec- 
ords.   We  perhaps  are  not  training  our  young  men  as  thoroughly  as  we 


Digitized  by  VjOOQIC 


39 

should,  and  to  accomplish  this  result  we  need  the  cooperation  of  managing 
oflScials.  This  will  no  doubt  be  forthcoming  on  proper  presentation  of 
feasible  plans,  as  is  evidenced  by  the  hearty  support  given  recent  hberal 
methods  of  training  apprentices,  now  being  introduced  on  several  railroads, 
and  which  promises  to  be  much  farther  reaching  in  satisfactory  results 
than  its  earlier  promoters  dared  to  hope  for.  Equally  liberal  inducements, 
carefully  worked  out  for  other  departments,  would  no  doubt  bring  about 
similar  results  and  well  repay  the  effort  It  may  not  be  out  of  place  to 
mention  here  that  all  of  our  propositions  and  plans  for  better  conditions  will 
come  to  naught  without  the  sincere  help  of  those  who  control  the  i&nancial 
affairs  of  large  enterprises. 

We  require  more  than  men.  We  need  an  organization.  An  organiza- 
tion that  develops  men;  develops  them  broadly  and  quickly.  We  need 
men  of  all  kinds  —  leaders  and  followers.  The  followers  are  most  impor- 
tant, for  if  we  develop  the  followers  the  leaders  appear  automatically,  and 
consequently  take  care  of  themselves. 

Let  us  note  for  a  moment  the  careful  training  given  young  men  in 
many  lines  of  business  to  qualify  them  for  important  positions  awaiting  — 
and  railroad,  work  is  not  less  important.  One  of  the  prominent  trans- 
atlantic lines  has  just  commissioned  a  substantial  ship  for  training  pur- 
poses, and  from  which  will  be  graduated  recruits  for  the  fleet,  and  in  the 
line  of  recent  experience  by  railroad  companies  of  the  difficulty  of  securing 
reliable  help,  perhaps  the  time  is  now  propitious  for  them  to  take  action 
of  the  kind  suggested,  adopting  some  such  system  of  education,  training 
and  promotion  that  will  first  induce  promising  young  men  to  take  up 
employment,  then  educate  and  train  them  in  the  line  of  their  duties,  finally 
opening  up  to  them  a  line  of  promotion  that  will  encourage  them  to  remain 
permanently  in  the  service  and  eliminate  the  growing  tendency  that  now 
exists  of  employees  seeking  other  employment  as  soon  as  they  have  gathered 
an  outline  of  the  duties  they  are  expected  to  perform.  Certainly  well  pre- 
pared young  men  are  worth  as  much  to  the  railroads  as  they  are  to  other 
industries  to  which  they  are  attracted. 

It  seems  fitting  to  sum  up  what  the  man  who  must  assume  our  duties 
and  responsibilities  must  be  prepared  to  do.  He  must  prepare  himself  for 
leadership  by  efficient  service  in  subordinate  places.  He  must  know  men. 
He  must  help  in  building  up  an  organization  of  men.  It  is  a  mistake  to 
always  seek  genius;  it  is  more  important  to  build  up  that  combination 
of  various  abilities,  capabilities  and  temperaments  which  will  form  a 
united,  homogeneous  body  before  which  the  difficulties  of  the  greatest 
problems  will  crumble  and  disappear.  We  should  all  strive  to  build  up  a 
working  organism  which  shall  be  so  complete  and  so  satisfactory  and  with 
a  correct  policy  so  firmly  established  that  those  who  follow  can  find  little 
which  they  will  be  willing  to  change  or  to  discard. 

It  is  my  earnest  hope  that  I  have,  in  a  modest  way,  brought  to  your 
attention  a  few  salient  facts  that  may  be  suggestive  of  further  and  deeper 
thought  along  the  path  outlined,  to  the  end  that  we  may  have  concerted 
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action  in  the  direction  indicated  by  him  whom  we  all  love,  Bums,  when  he 
pointed  out  that  we  are  leading  steadily,  though  slowly,  to  that  goal 
"  Where  man  to  man  the  world  o'er, 
Will  brothers  be  and  a'  that" 

As  president  of  this  Association  I  attended  the  recent  conference  of 
State  governors  which  assembled  last  month  at  the  White  House,  by  invi- 
tation of  the  President,  for  a  discussion  of  means  for  the  conservation  of 
the  resources  of  the  country.  Once  before,  one  hundred  and  twenty-two 
years  ago,  President  Washington  called  the  State  governors  together,  that 
time  to  consider  the  "  Development  of  Natural  Resources." 

After  a  little  more  than  a  century  the  development  in  some  directions 
seems  to  iiave  been  too  rapid,  leading  to  wastefulness,  and  it  is  clear  that 
our  resources  must  be  husbanded. 

Before  the  Master  Mechanics'  and  Master  Car  Builders'  Associations 
lie  a  great  responsibility  in  that  we  represent  an  enormous  consumption 
of  natural  resources.  To  be  faithful  to  our  trusts  we  must,  therefore,  use 
every  e£fort  to  carry  out  the  spirit  which  led  to  the  recent  conference. 

"Conservation  of  Resources"  was  the  object  of  the  assemblage  at 
Washington.  This  suggested  to  my  mind  the  thought  of  conservation  of 
energy  as  applied  to  the  problem  before  the  railroad  officials  of  this  coun- 
try. I  wish  to  suggest  a  thought  which  is  not  new,  but  is,  in  my  judgment, 
becoming  more  important  every  day.  My  suggestion,  briefly  stated,  is  that 
sooner  or  later  the  energies  of  mechanical  officers  of  railways  must  be 
conserved  by  the  concentration  of  every  effort.  Sooner  or  later  the  Master 
Mechanics'  and  Master  Car  Builders'  Associations  must  be  consolidated 
into  one  powerful,  united,  representative  organization.  Let  xhe  place  this 
proposition  squarely  before  you  by  expressing  the  opinion  that  the  progress 
of  the  times,  the  conditions  of  our  work  and  the  character  of  our  problems 
demand  this  step.  I  will  not  presume  to  outline  how  this  should  be  brought 
about,  but  I  most  earnestly  recommend  that  the  Executive  Committee  be 
instructed  to  raise  the  question  with  the  Executive  Committee  of  the 
Master  Car  Builders'  Association  and  consider  ways  and  means  looking 
toward  such  consolidation,  which  I  believe,  if  we  are  true  to  the  interests 
which  we  represent,  must  not  be  long  deferred. 

I  can  not  close  this  address  without  expressing  thanks  —  which  senti- 
ment I  am  sure  is  endorsed  by  the  Association  —  to  the  supply  men  who  are 
responsible  for  the  wonderful  display  of  railroad  machinery  and  appliances, 
the  greatest  ever  assembled  outside  of  the  world's  fairs  at  Chicago  and 
St.  Louis;  also  to  that  splendid  body  of  business  men  of  Atlantic  City  — 
those  hustlers  whose  cooperation  has  made  it  possible. 

The  following  members  registered: 
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Fetner,  W.  H. 
Fildes,  Thomas. 
Flavin,  J.  T. 
Flory,  B.  P. 
Fogg,  J.  W. 
Forsyth,  William. 
Foster,  O.  M. 
Fowler,  G.  L. 
Franey,  M.  D. 
Fraps,  J.  C. 
Fuller,  C.  R 
Fulmer,  J.  H. 

Gaines,  F.  F. 
Gallagher,  G.  A. 
Gauthier,  J. 
Gilbert,  E.  B. 


Gilbert,  F.  M. 
Gordon,  H.  D. 
Goss,  W.  F.  M. 
Gould,  J.  E. 
Gray,  G.  M. 
Graham,  Charles. 
Gray,  B.  H. 
Green,  H. 
Greenwood,  B.  E. 
Griffith,  R. 
Gurry,  George. 

Hainen,  J. 
Hair,  J. 

Hammond,  G.  O. 
Hancock,  G.  A. 
Harrigan,  P.  J. 
Harris,  C.  M. 
Harris,  J.  D. 
Harrington,  H.  H. 
Haskell,  B. 
Hartigan,  B. 
Hawkins,  B.  H. 
Hayes,  C.  W. 
Hess,  G.  F. 
Henderson,  G.  R. 
Hibbits,  F.  N. 
Hicks,  I.  C. 
Hildreth,  F.  F. 
Hill,  J.  A. 
Hill,  John. 
Hill,  Rufus. 
Hinckley,  A.  C. 
Hodgins,  George. 
Hogan,  C.  H. 
Hoffmaster,  F.  S. 
Howard,  John. 
Hunter,  H.  S. 
Hyndman,  F.  T. 

James,  Charles. 
Jennings,  Thomas. 
Johnson,  W.  O. 
Joughins,  G.  R. 

Kalbaugh,  I.  N. 
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Kapp.  W.  F. 
Kastlin,  Jacob. 
Keegan,  J.  E. 
Kehoe,  R.  H. 
Kellogg,  W.  L. 
Kells,  Willard. 
Kcndig,  R.  B. 
Kinney,  W.  H. 
Kilpatrick,  J.  B. 
Kirkpatrickjames. 
Kilpatrick,  R.  F. 
Kneass,  S.  L. 
Knight,  W.  E. 
Kurman,  A.  G. 
Kyle,  C. 

Lanza,  G. 
Lane,  F.  W. 
Lape,  C.  F. 
Leach,  H.  L. 
Lewis,  W.  H. 
Leach,  W.  B. 
Lovell,  A. 
Luscombe,  J.  T. 

MacBain,  D.  R. 
McGill,  A.  M. 
McGee,  G.  S. 
McGee.  W.  J. 
McHaffie,  A.  B. 
McHattie,  T. 
Mcintosh,  William. 
McLean,  W.  J. 
McNaughton,  James. 
McNulty,  F.  M. 
McRae,  J.  A. 
Machesney,  A.  G. 
Magarvey,  J.  R. 
Maher,  P. 
Malthaner,  W. 
Manchester,  A.  E. 
Manchester,  H.  C. 
Manning,  J.  H. 
Mechling,  J.  E. 
Meister,  C.  L. 
Mellin,  C.  J. 


Mendenhall,  C.  M. 
Menzell,  W.  G. 
Meredith,  H.  P. 
Miller,  E.  A. 
Miller,  J.  B. 
Minshull,  P.  H. 
Mitchell,  A.  E. 
Miller,  S.  W. 
Moan,  E.  G. 
Moir,  William. 
Monkhouse,  H. 
Montgomery,  H. 
Montgomery,  William. 
Moriarty,  G.  A. 
Morris,  W.  S. 
Muhlfeld,J.E. 
Murrian,  W.  S. 

Nelson,  E.  D. 
New,  W.  E. 
Neward,  F.  H. 
Newhouse,  J.  F. 

Ord,  C  R. 
Oviatt,  H.  C 
Owens,  W.  H. 

Parish,  L.  G. 
Parks,  G.  E. 
Park,  S.  T. 
Passmore,  H.  E^ 
Patterson,  J.  S. 
Paxton,  Thomas. 
Pearce,  J.  S. 
Pearsall,  D.  M. 
Peyton,  H.  T. 
Peck,  P.  H. 
Pflager,  H.  M. 
Phillips,  C. 
Pilcher,  J.  A. 
Piatt,  J.  G. 
Pomeroy,  L.  R. 
Powers,  M.  J. 
Pratt,  E.  W. 
Prendergast,  A.  P. 
Prendergast,  J.  F. 


Preston,  Robert. 

Quereau,  C.  H. 
Quigley,  Joseph. 

Redding,  D.  J. 
Reid,  W.  L. 
Rieckman,  W.  H. 
Rettew,  C.  E. 
Reynolds,  O.  H. 
Rhodes,  L.  B. 
Richmond,  W.  H. 
Riley,  G.  N. 
Robinson,  Frank. 
Rogers,  R.  H. 
Roope,  Thomas. 
Rosing,  W.  H.  V. 
Rumney,  Thomas. 
Russell,  W.  B. 
Ryan,  J.  J. 

Sanderson,  R.  P.  C 
Scheffer,  F.  H. 
Schlafge,  William. 
Seabrook,  C.  H. 
Seddon,  C.  W. 
Sedgwick,  E.  V. 
Seidell,  G.  W. 
Seley,  C.  A. 
Setchel,J.H. 
Shepard,  L.  A. 
Shea,  R.  T. 
Shoemaker,  H. 
Sinclair,  Angus. 
Sinnott,  W. 
Small,  H.  J. 
Small,  J.  W. 
Smethust,  T. 
Smith,  C.  B. 
Smith,  E.  J. 
Smith,  F.  C. 
Smith,  William. 
Smith,  W.T. 
Smock,  F.  A. 
Sprowl,  N.  E. 
Squire,  W.  C. 
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Stewart,  A. 
Stewart,  A.  F. 
Stewart,  C  J. 
Stuart,  C  M. 
Stewart,  T.  R. 
Street,  C  F. 
Stocks,  W.  H. 
Stulb,W.H. 
Sjrmington,  T.  H. 

Taylor,  C.  M. 
Taylor,  J.  W. 
Thomas,  F.  W. 
Thomas,  H.  T. 
Thomas,  J.  G. 
Thomas,  J.  J.,  Jr. 
Thomas,  W.H. 
Thompson,  E.  B. 
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Tollerton,W.J. 
Tracy,  W.L. 
Tuma,  Frank. 
Turnbull,  A.  C. 
Turner,  J.  S. 

Van  Doren,  G.  L. 
Van  Ripper,  D.  F. 
Vauclain,  S.  M. 

Wagstaff,  George. 
Wahlen,  John. 
Wall,  G.  L. 
Walsh,  F.  O. 
Walsh,  J.  F. 
Walton,  E.  A. 
Watson,  R.  B. 
Watts,  A.  H. 


Weisgerber,  E.  L. 
West,  G.  W. 
White,  A.  M. 
White,  E.  T. 
White,  J.  E. 
Wickhorst,  M.  H. 
Wildin,  G.  W. 
Williams,  F.  W. 
Wilson,  D.  H. 
Wirt,  G. 

Witherspoon,  David. 
Wright,  R.  V. 
Wyman,  R.  L. 

Yeager,  Thomas. 
Young,  C  B. 
Young,  C  D. 


The  President  :  The  next  business  will  be  the  approval  of 
the  minutes  of  the  last  meeting.  As  these  minutes  have  been 
printed,  and  have  been  before  you  for  some  time,  I  presume  it  is 
unnecessary  to  read  them,  and  unless  there  are  objections  offered, 
we  will  consider  them  approved.    They  are  approved. 

The  next  business  is  the  report  of  the  Secretary  and  Treas- 
urer. 

SECRETARY'S  REPORT. 

To    the  President  and  Executive  Committee  of  the  American  Railway 
Master  Mechanics*  Association: 

In  accordance  with  the  usual  custom  at  our  annual  convention,  I 
append  herewith  statement  showing  the  membership  of  the  Association  and 
receipts  and  expenditures  during  the  year  just  closed: 

ACTIVE  MEMBERSHIP. 

Membership,  June,  1907 819 

Transferred  to  honorary  membership 2 

Deaths '. 4 

Resignations  8 

Dropped,  nonpayment  of  dues  and  mail  returned. .         18 

32 

787 
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New  members  during  the  year 74 

Reinstated  i 

75 

Total  membership 862 

ASSOCIATE  MEMBERSHIP. 

Membership,  Jmie,  1907 17 

Elected,  June,  1907 2 

19 

HONORARY   MEMBERSHIP. 

Membership,  June,  1907 36 

Transferred  from  Active 2 

38 

Deaths   i 

Total  membership Z7 

TOTAL  MEMBERSHIP. 

Active 862 

Associate 19 

Honorary 37 

Total 918 

At  the  convention  of  1907  Messrs.  H.  Elliott  and  W.  C.  Ennis  were 
transferred  to  honorary  membership. 

During  the  year  the  following  resignations  were  received: 

Active  members:  F.  J.  Leigh,  C.  H.  Barnes,  Wm.  Miller,  Georges 
Collin,  J.  W.  Marden,  Marcel  Japiot,  M.  R.  Davis  and  John  McGie. 

The  following  deaths  have  been  recorded: 

Active  members :    E.  Ryan,  L.  M.  Kidd,  O.  Stewart  and  Jas.  Macbeth. 

Honorary  members:    M.  N.  Forney. 

The  following  names  have  been  taken  from  the  list  of  members 
because  of  nonpayment  of  dues  or  on  account  of  their  mail  being  returned : 

Active  members:  E.  M.  Lake,  L.  L.  Dawson,  T.  S.  Inge,  Jno.  H. 
Vought,  Louis  Wellisch,  Maurice  Hickey,  F.  A.  Given,  P.  T.  Dunlop, 
J.  W.  Cioss,  F.  G.  Brownell,  M.  D.  Brown,  C.  A.  Brann,  J.  J.  Baylcy, 
W.  H.  Young,  H.  K.  Mudd,  J.  Mayne  Nicholls,  John  Whetstone  and 
A.  A.  Hube. 

At  the  convention  of  1907  Messrs.  Lawford  H.  Fry  and  J.  Snowden 
Bell  were  elected  to  associate  membership. 

The  following  is  a  list  of  members  added  to  the  roll  during  the  year : 

George  Siemantel,  G.  M.  M.,  Fort  Worth  &  Denver  City  Ry.,  Chil- 
dress, Tex. 

J.  W.  Small,  S.  M.  P.,  Sonora  Ry.,  Tucson,  Ariz. 
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R  L.  Moser,  Chief  Draftsman,  Phila.  &  Reading  Ry.,  Reading,  Pa. 
T.  Smetburst,  S.  M.  P.,  Interoceanic  Ry.,  Puebla,  Mexico. 
J.  E.  Symons.  D.  M.  M.,  Gulf,  Colo.  &  Santa  Fe  Ry.,  Oeburne,  Tex. 
J.  F.  Fairbank,  M.  M.,  Malvern  &  Freeco  Valley  Ry.,  Malvern,  Ark. 
K.  L.  Dresser,  M.  M.,  Chicago,  Cincinnati  &  Louisville  R.  R.,  Peru, 
Ind. 

T.  W.  McCarthy,  M.  M.,  C.  R.  I.  &  P.  Ry.,  Argenta,  Ark. 

E.  G.  Brooks,  M.  M.,  Mobile  &  Ohio  R.  R.,  Whistler,  Ala. 
C  H.  Osborne,  M.  M.,  C.  &  N.-W.  Ry.,  Baraboo,  Wis. 

H.  R.  Wamock,  G.  F.  L.  D.,  Monongahela  R.  R.,  Brownsville,  Pa. 

F.  W.  Thomas,  Supervisor  of  Apprentices,  A.  T.  &  S.  F.  Ry.,  Topeka, 
Kan. 

Charles  D.  Young,  A.  E.  M.  P.,  Penna.  Lines,  Columbus,  Ohio. 
Thomas  R.  Cook,  A.  E.  M.  P.,  Penna.  Lines,  Ft.  Wayne,  Ind. 

G.  L.  Wall,  M.  R,  Lima  Loco.  &  Mach.  Co.,  Lima,  Ohio. 
J.  E.  Mechling,  M.  M.,  Vandalia  R.  R.,  Terre  Haute,  Ind. 
A.  Dinan,  M.  M.,  Kansas  City  Belt  Ry.,  Kansas  City,  Mo. 

E.  G.  Moan,  Gen.  Foreman,  A.  C.  L.  R.  R.,  Waycross,  Ga. 

R.  C.  Evans,  S.  M.  P.,  Western  Maryland  R.  R.,  Hagerstown,  Md. 
C  M.  Fritsch,  M.  M.,  Western  Maryland  R  R.,  Hagerstown,  Md.  • 
R.  H.  Kehoe,  M.  M.,  Norfolk  &  Southern  Ry.,  New  Bern,  N.  C. 
T.  M.  Neel,  Jr.,  M.  E.,  Atlanta,  Birmingham  &  Atlantic,  Fitzgerald, 
Ga. 

F.  S.  Hoffmaster,  A.  M.  M.,  N.  Y.  P.  &  N.  Ry.,  Cape  Charles,  Va. 
O.  M.  Foster,  M.  M.,  L.  S.  &  M.  S.  Ry.,  Elkhart,  Ind. 

Theo.  Larrey,  M.  M.,  Interoceanic  Ry.,  Jalapa,  Vera  Cruz,  Mex. 

H.  P.  Meredith,  A.  E.  M.  P.,  Penna.  R.  R.,  Altoona,  Pa. 

L.  A.  Petrie,  M.  M.,  Oahu  Ry.  &  Land  Co.,  Honolulu,  T.  H. 

W.  J.  McCammon,  Loco.  Supt,  Mex.  So.  Ry.,  Puebla,  Mex. 

Thos.  Yeager,  M.  M.,  111.  So.  Ry.,  Sparta,  111. 

A.  C.  Russell,  M.  M.,  Inter-California  Ry.,  Hanlon  Junction,  Cal. 

E.  L.  Weisgerber,  Retired  M.  M.,  Bait.  &  Ohio  R.  R.,  Newark,  Ohio. 

William  Henry,  Asst.  M.  M.,  St.  L.  &  S.  F.  Ry.,  Memphis,  Tenn. 

A.  G.  Kurman,  M.  M.,  Mt.  Jewett,  Kinzua  &  Riterville  R.  R.,  Kushe- 
qua.  Pa. 

A.  W.  Hayes,  M.  M.,  Blue  Ridge  Ry.,  Anderson,  S.  C. 

R.  E.  Osborn,  M.  M.,  Williamsville,  Greenville  &  St.  Louis  Ry.,  Green- 
ville, Mo. 

C.  E.  Foyle,  M.  M.,  Susquehanna  &  New  York  R.  R.,  Towanda,  Pa. 

W.  C.  A.  Henry,  S.  M.  P.,  Penna.  Lines,  Columbus,  Ohio. 

Alfred  White,  Supt.  Mach.,  Copper  River  &  Northwestern  Ry., 
Katalla,  Alaska. 

S.  Hatah,  Chief  Supt.  M.  P.,  Imperial  Government  Rys.,  Tokio,  Japan. 

H.  Iwasaki,  Traffic  Mgfr.,  Imperial  Government  Rys.,  Tokio,  Japan. 

Y.  Yamamoto,  M.  E.,  South  Manchurian  Rys.,  Tairen,  Manchuria. 

M.  Yoshino,  S.  M.  P.,  South  Manchurian  Rys.,  Tairen,  Manchuria. 
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Roland  Finch,  Tech.  Repr.,  Beyer,  Peacock  &  Co.,  Yokohama,  Japan. 

Geo.  P.  Goodrich,  M.  M.,  Ft.  S.  &  W.  Ry.',  Ft.  Smith,  Ark. 

A.  E.  Yohn,  M.  M.,  Huntingdon  &  Broad  Top  Mtn.  Ry.,  Saxton,  Pa. 

G.  W.  Lillie,  S.  C  D.,  St.  L.  &  S.  F.  Ry.,  St.  Louis,  Mo. 

W.  L.  Larry,  M.  M.,  N.  Y.  N.  H.  &  H.  R.  R.,  Taunton,  Mass. 

A.  R.  Ayers,  Supt.  Shops,  L.  S.  &  M.  S.  Ry.,  ^Ikhart,  Ind. 

John  T.  Carroll,  Asst.  Supt.  Shops,  L.  S.  &  M.  S.  Ry.,  Collinwood, 
Ohio. 

A.  P.  Prendergast,  M.  M.,  Bait.  &  Ohio  R.  R.,  Baltimore,  Md. 

J.  W.  Evens,  M.  M.,  Ala.  Gt.  So.  Ry.,  Birmingham,  Ala. 

R.  L.  Wyman,  M.  M.,  L.  &  N.  E.  R.  R.,  Pen  Argyl,  Pa. 

G.  W.  Cooper,  M.  M.,  Mexican  Central  Ry.,  Aguascalientes,  Mex. 

W.  H.  Rieckman,  A.  M.  M.,  Boston  &  Maine  R.  R.,  Mechanicsville, 
N.  Y. 

P.  C.  Zang,  M.  M.,  N.  Y.  N.  H.  &  H.  R.  R.,  Providence,  R.  L 

H.  A.  Macbeth,  M.  M.,  N.  Y.  C.  &  St.  L.  Ry.,  Conneaut,  Ohio. 

R.  T.  Jaynes,  M.  M.,  Lehigh  &  Hudson  River  Ry.,  Warwick,  N.  Y. 

E.  R.  Webb,  M.  M.,  Mich.  Cent.  R.  R.,  Michigan  City,  Ind. 

CM.  Harris,  M.  M.,  The  Washington  Term.  Ry.,  Washington,  D.  C. 

J.  P.  Dorsey,  D.  M.  M.,  B.  &  O.  R.  R.,  Parkersburg,  W.  Va. 

A.  H.  Hodges,  D,  M.  M.,  B.  &  O.  R.  R.,  Cumberland,  Md. 

C.  P.  Diehr,  M.  M.,  N.  Y.  C.  &  H.  R.  R.  R.,  Jersey  Shore,  Pa. 

M.  W.  Smith,  M.  M.,  Tampa  &  Jacksonville,  Ry.,  Gainesville,  Fla. 

James  Hocking,  M.  M.,  N.  Y.  N.  H.  &  H.  R.  R.,  Norwood  Central, 
Mass. 

E.  E.  Herr,  Engine  House  Foreman,  Penna.  R.  R.,  Camden,  N.  J. 
N.  E.  Sprowl,  M.  M.,  A.  C.  L.  R.  R.,  Savannah,  Ga. 

George  Moll,  M.  M.,  P.  &  R.  Ry.,  Reading,  Pa. 

J.  L.  Prendergast,  M.  M.,  Bait.  &  Ohio  R.  R.,  Glenwood,  Pa. 

T.  J.  Tonge,  S.  M.  P.,  Santa  Fe  Cent.  Ry.,  Estancia,  N.  M. 

J.  H.  Fulmor,  M.  M.,  Penna.  R.  R.,  Pottsville,  Pa. 

H.  C.  Oviatt,  M.  M.,  N.  Y.  N.  H.  &  H.  R.  R.,  New  Haven,  Conn. 

C.  D.  Shaff,  Jr.,  M.  M.,  N.  Y.  C.  Lines,  Watertown,  N.  Y. 

L.  A.  Richardson,  M.  M.,  C.  R.  L  &  P.  Ry.,  Trenton,  Mo. 

REINSTATED. 

F.  P.  Barnes,  M.  M.,  Denver  &  Rio  Grande  R.  R.,  Grand  Junction, 
Colo. 

RECEIPTS. 

To  dues  collected  from  members $3725.00 

"    sale  of  Proceedings if075Z3 

"    Ryerson  Scholarship  Fund 400.00 


$5,200.33 
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EXPENSES. 

Paid  exchange .$     16.95 

"     expenses  convention,  1907 64.25 

"     stamps  and  stamped  envelopes 255.00 

"     office  supplies  and  expenses 123.58 

"     printing 2,09754 

"     expenses,  committees  4975 

"     express   15.34 

"     blue-prints,  tracings 19.00 

"     salary,  Secretary  1,500.00 

"     reporting  convention,  1907 209.30 

"     office  rent 202.08 

"     surety  bond,  Secretary 7.20 

"     zinc  cuts,  etc 42.54 

•*     Ryerson  Scholarship 500.00 

"     telephone  and  telegraph  service 36.58 

"     balance  remitted  to  Treasurer 61.22 


$5,200.33 

The  bills  against  the  Association  have  been  paid  except  for  the  prepa- 
ration of  some  of  the  reports  which  were  printed  after  the  books  were 
closed. 

The  unpaid  dues  amount  to  $1,440.00. 

A  statement  showing  the  members  in  arrears  for  dues  and  the  amount 
thereof  is  presented  herewith  for  the  information  of  the  members,  amount- 
ing to  $1,440.00. 

A  detailed  statement  of  the  dues  collected  during  the  year  is  herewith 
appended  and  made  part  of  the  report. 

DETAILED  STATEMENT  OF  DUES  COLLECTED  FROM 
MEMBERS. 


1907. 

1 

Brought  forward 

$     50.00 

June  15 

J.  W.  Addis.... 

$       5.00      1 

June  13    F.  C.  Cleaver. . 

5.00 

"     16 

T.  F.  Barton... 

5.00      1 

f( 

15    Wm.  Cockfield. 

5.00 

"     II 

G.  S.  Allen.... 

5.00     1 

it 

II    L.  L.  Collier... 

5.00 

"     15 

G.  M.  Basford. 

5.00      1 

u 

13*  J.  J-  Conner s.. 

5.00 

"     13 

J.  0.  6radeen.. 

5.00      1 

u 

12    F.  R.  Cooper.. 

5.00 

"     12 

G.  E.  Branch... 

5.00     1 

« 

12    D.  H.  Deeter.. 

5.00 

"     13 

David  Brown  . 

5.00 

it 

12    C.  H.  Delaney. 

5.00 

"     13 

W.  A.  Brown.. 

5.00 

" 

12    S.J.Dillon.... 

5.00 

"     13 

J.  E.  Chambers 

5.00 

« 

12    S.  M.  Dolan... 

5.00 

"     12 

Jos.  Chidley... 

5.00 

i< 

II    W.  H.  Dooley. 

10.00 

Carried  forward   $     50.00 


Carried  forward   $    105.00 
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June 


oug 

hi  forward $ 

105.00 

Br 

oug 

ht  forward $ 

325.00 

12 

J.  F.  Enright... 

500 

June 

14 

C.  H.  Quereau. . 

5.00 

12 

T.  M.  Fccley... 

5.00 

i< 

II 

CRRcttew.... 

5.00 

II 

W.  H.  Fctocr... 

lO.OO 

" 

12 

A.  H.  Reynolds. 

5.00 

12 

This.  Fildcs  .... 

5.00 

tt 

i6 

C  W.  Seddon.. 

5.00 

12 

M.  D.  Franey. . . 

5.00 

it 

12 

H.  Shoemaker  .. 

5.00 

II 

Thos.  Frascr  . . . 

S-oo 

tt 

i8 

O.  Stewart 

5.00 

12 

C  E.  Fuller.... 

5.00 

u 

12 

C  M.  Stuart.... 

5.00 

13 

J.  Gauthier  .... 

5.00 

tl 

12 

E.  T.  Sumner.. 

5.00 

12 

Jno,  Gill 

5.00 

" 

12 

D.  A.  Smith.... 

5.00 

14 

Geo.  Gilmour  .. 

5.00 

u 

12 

C.  H.  TerreU... 

5.00 

12 

Jas.  Graham,  Jr. 

5.00 

n 

19 

W.  H.  Thomas.. 

5.00 

12 

Geo.  Gurry 

500 

" 

12 

L.  C.  Todd 

5.00 

II 

J.  Hainen 

5.00 

l( 

II 

W.  J.  ToUerton. 

5.00 

12 

F.  J.  Harrison.. 

5.00 

<l 

14 

Jno.  Tonge 

5.00 

13 

P.  J.  Hickey...; 

5.00 

it 

15 

A.  Turner 

5.00 

13 

Jno  Hin 

5.00 

" 

13 

G.  L.  Van  Doren 

S-oo 

12 

W.  H.  HiU 

5.00 

" 

14 

Geo.  Wagstaff.. 

5.00 

II 

A.  C.  Hinckley.. 

5.00 

" 

12 

Jno.  Wahlen  . . . 

5.00 

i6 

CH.Hogan.... 

5.00 

tl 

II 

W.  G.  WaUace.. 

5.00 

II 

A.  W.  Horsey.. 

5.00 

It 

12 

E.  A.  Walton... 

5.00 

i6 

Jno.  Howard.... 

5-00 

ti 

13 

B.Warren 

5.00 

14 

H.  S.  Hunter... 

5.00 

« 

II 

J.  H.  Waters... 

5.00 

13 

T.  J.  Hennessey 

5.0Q 

(( 

12 

G.  Wirt  

5.00 

14 

Jacob  Kastlin  . . 

5.00 

tt 

14 

E.L.Weisgerber 

S-oo 

14 

W.  L.  KeUogg.. 

5.00 

tt 

14 

E.  T.  White.... 

5.00 

12 

Willard  KeUs  . . 

5.00 

ti 

10 

F.  L.  Bates 

10.00 

12 

J.  B.  Kilpatrick. 

500 

tt 

10 

G.  W.  Mudd.... 

5.00 

12 

R.  F.  Kilpatrick. 

5.00 

tt 

21 

P.  G.  Baker.... 

10.00 

II 

C  Kyle 

500 

" 

22 

W.  S.  Grandy.. 

5.00 

13 

T.  D.  Mannion.. 

5.00 

tt 

8 

W.  Malthaner  . 

5.00 

12 

M.  J.  McCarthy. 

5.00 

it 

8 

J.  E.  Cannon... 

15.00 

13 

A.  B.  McHaffie. 

5.00 

tt 

8 

Wm.  Kelly   .... 

5.00 

12 

C.  J.  Mellin 

5.00 

" 

8 

A.  B.  Withers.. 

5.00 

II 

G.  A.  MiUer.... 

5.00 

it 

8 

F.  Slater 

5.00 

13 

P.H.  Minshull.. 

5.00 

tt 

8 

C.  H.  Davis.... 

5.00 

i8 

H.  Montgomery. 

5.00 

" 

8 

C.  L.  Aiken.... 

5.00 

13 

J.  H.  Murphy. .  * 

5.00 

tt 

8 

J.  W.  Oplinger. 

5.00 

II 

V/.  S.  Murrian.. 

5.00 

tt 

8 

C.  J.  Bushmeyer 

5.00 

12 

J.  F.  Newhouse. 

5.00 

tt 

12 

W.  J.  Thomas.. 

5.00 

14 

J.  E.  O'Heame.. 

.    5.00 

tt 

13 

F.  W.  Williams. 

laoo 

12 

C.  PhiUips 

5.00 

tt 

12 

J.  S.  Bissett.... 

5.00 

14 

J.  A.  Pilcher... 

5.00 

tt 

13 

B.  E.  Greenwood 

500 

12 

M.  J.  Powers... 

5.00 

" 

14 

F.  F.  Hildreth.. 

5.00 

Carried  fonvard   $  325.00 


Carried  forward   $   565.00 
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Brought  forward 

$  565.00 

Brought  forward $   765.00 

June 

14 

W.  May  

5.00 

July 

5 

R.  H.  Rogers... 

10.00 

« 

26 

John  Hopwood. 

500 

« 

5 

F.  Hedley  

5.00 

<i 

26 

E.  S.  Hume... 

5.00 

(1 

5 

H.'N.  Curry.... 

5.00 

€t 

26 

M.  R.  Davis... 

5.00 

<( 

5 

J.  J.  Ellis 

5.00 

" 

26 

John  Neville  . . 

5.00 

u 

5 

Thos.  Marshall. 

5.00' 

« 

18 

Wm.  Henry   . . 

5.00 

(( 

5 

Wm.  O'Herin  . . 

5.00 

<« 

18 

Y.  Yamamato  . 

5.00 

u 

5 

Geo.  A.  Hancock 

5.00 

« 

18 

M.  Yoshino  . .  .* 

5.00 

u 

5 

H.  S.  Hayward. 

5.00 

« 

14 

W.  L.  Larry... 

5.00 

u 

5 

P.  H.  Peck 

5.00 

« 

13 

A.  R,  Ayers... 

5.00 

it 

5 

F.  T.  Casaneve. 

5.00 

<« 

13 

J.  T.  Carroll... 

5.00 

it 

5 

S.  L.  Kneass... 

5.00 

ti 

13 

A.    P.    Prender 

« 

5 

L.  Pfafflin  

5.00 

gast  

5.00 
5.00 

tt 

5 
5 

Wm.  Garstang.. 
G.  M.  Gray 

5.00 
5.00 

it 

13 

R.  L.  Wyman. 

« 

(« 

13 

G.  W.  Cooper. 

5.00 

«( 

5 

W.  H.  Nuttall.. 

5.00 

(« 

13 

W.     H.     Rieck 

tt 

5 

A.  E.  Manchester 

5.00 

mann  

5.00 

tt 

5 

W.  T.  Thompson 

5.00 

«< 

13 

P.  C.  Zang.... 

5.00 

tt 

5 

J.  E.  Keegan... 

5.00 

«« 

13 

H.  A.  Macbeth 

5.00 

tt 

5 

W.  B.  Warren.. 

5.00 

«« 

12 

E.  R.  Webb... 

5.00 

tt 

5 

Thos.  Aldcorn  .. 

5.00 

(C 

12 

J.  P.  Dorsey... 

5.00 

tt 

5 

L.  H.  Turner... 

5.00 

«« 

12 

A.  H.  Hodges. 

5.00 

tt 

5 

J.  S.  Turner. . . . 

5.00 

<« 

12 

M.  W.  Smith.. 

5.00 

tt 

5 

L.  R.  Pomeroy.. 

5.00 

*• 

12 

James  Hocking. 

5.00 

tt 

5 

C.  H.  Howard.. 

5.00 

M 

12 

E.  E.  Herr.... 

5.00 

tt 

5 

R.  B.  Kendig... 

5.00 

(« 

12 

N.  E.  Sprawl.. 

5.00 

tt 

5 

W.  E.  Symons.. 

5.00 

l< 

12 

Geo.  Moll  .... 

5.00 

tt 

5 

S.  F.  Prince,  Jr. 

5.00 

« 

12 

J.  L.  Prendcrgasi 

t        5.00 

tt 

5 

W.  S.  Morris... 

5.00 

t* 

14 

T.  J.  Tonge... 

5.00 

it 

5 

Philip  Wallis... 

5.00 

« 

14 

J.  H.  Fuhnor.. 

5.00 

tt 

5 

A.  G.  Leonard.. 

5.00 

" 

14 

H.  C.  Oviatt... 

5.00 

it 

5 

W.  T.  Fitzgerald 

5.00 

« 

29 

H.  E.  Passmor< 

I        5.00 

It 

5 

M.  E.  Wells.... 

5.00 

«< 

29 

P.  T.  Lonergan 

5.00 

tt 

5 

W.  C  Arp 

5.00 

U 

29 

John    Wadding 

tt 

5 

J.  G.  Neuffer... 

5.00 

ton  

5.00 
5.00 

tt 

5 
5 

H.  M.  Pflager.. 
G.  W.  Lillie.... 

«;.oo 

July 

5 

Robt.  Quayle... 

it 

5.00 

« 

5 

S.  P.  Bush 

5.00 

a 

5 

J.  P.  McCuen.. 

5.00 

« 

5 

H.  T.  Be-ntley. 

5.00 

it 

5 

J.  R.  Magarvey. 

5.00 

M 

S 

S.  M.  Vauclain 

5.00 

it 

5 

G.  N.  Riley 

5.00 

« 

5 

A.  B.  Johnson. 

5.00 

it 

5 

L.  D.  Gillett.... 

5.00 

U 

5 

W.  H.  Collins. 

5.00 

it 

5 

G.  K.  Hatz 

5.00 

M 

5 

A.  M.  Waitt. . . 

5.00 

tt 

5 

Harry  Ashton  .. 

5.00 

** 

S    W.  F.  M.  Goss 
rried  forward  

5.00 

it 

Ca 

5 
rrie 

F.  B.  Barclay... 

5.00 

Cfl 

$  765.00 

d  forward  $  985.00 

M-4 
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Brought  forward $ 


July 


W.  H.  V.  Rosing 
W.  H.  Taylor. 
R.  P.  Blak<f... 
H.  M.  Carson. 
Geo.  S.  Hodgins 
Samuel  Higgins 
E.  V.  Sedgwick 
W.  S.  Hancock 
J.  J.   Ewing... 
W.  O.  Thompson 
G.  W.  Wildin.. 

E.  M.  Herr... 
H.  H.  Vaughan 

G.  Lanza  

J.  D.  Harris... 
J.  C.  Homer. . . 
Tracy  Lyon  . . . 
Jas.  McNaughten 
W.  H.  Hufman 

F.  F.  Gaines... 

G.  E.  Parks... 
W.  J.  Schlacks.. 
H.  A.  Lyddon. 

E.  B.  Thompson 
R.  T.  Jaynes. 
H.  B.  Ayers... 
L.  B.  Ferguson 
A.  E.  Yohn.... 
R.  H.  Soule... 

A.  J.  Dunn 

C.  B.  Royal.... 
L.  S.  Randolph. 

J.  A.  Hill 

A.  B.  Appier... 
W.  L.  Ried.... 
Max  Goodrich. 
W.  C.  Burel... 
Wm.  Renshaw. 
J.  N.  Mowery. . 
P.  H.  Murphy. 

F.  J.  Smith.... 
C.  H.  Seabrook 
H.  B.  Hunt.... 


985.00 
500 
5.00 

10.00 
500 
5.00 
500 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 

10.00 
5.00 
5.00 
5.00 
5.00 
5.00 
500 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
500 
5.00 
5.00 
5.00 
5.00 
5.00 
500 


Carried  forward  $1^10.00 


Brought  forward $1,210.00 

July  27    F.  H.  Scheffer..  5.00 

"    27    A.  Shields 5.00 

F.  M.  Pierce —  5.00 

H.  S.  Bryan 5.00 

J.  W.  Fogg 5.00 

27    C.  A.  Seley 5.00 

27    W.  N.  Best ^  5.00 

27  4\ngus  Sinclair..  5.00 

27    W.  H.  Watkins.   '  5.00 

O.  A.  Fisher 5.00 

J.  J.  Ryan 5.00 

R.  D.  Smith ^  5.00 

J.  W.  Cloud....  5.00 

Geo.  Whale 5.00 

S.  K.  Dicker  son  5.00 

M.  C.  Dinkel...   ♦  5.00 

H.  T.  Thomas..  5.00 

J.  F.  Dunn 5.00 

LeGrand    Parish  5.00 

H.  J.  Small 5.00 

R.  E.  McCuen..  5,00 

W.  F.  Kapp....  5.00 

.27    A.  L.  Humphrey  5.00 

27    F.  O.  Walsh....  5.00 

W.  C.  Squire...  5.00 

R.  O.  Cumback.  5.00 

P.  Maher 5.00 

W.  J.  Shreeve. .  5.00 

T.  A.  Brown...  5.00 

F.  E.  Davisson..  5.00 

H.  N.  Breneman  5.00 

W.  L.  Austin...  5,00 

Wm.  Buchanan.  5.00 

T.  S.  Lloyd 5.00 

27    Geo.  Gibbs 5.00 

27    A.  Fors)rth   ....  5.00 

John  Mackenzie.  5.00 

J.  L.  Greatsinger  5.00 

27    T.  E.  Keyworth  5.00 

27    J.  J.  Monohan..  5.00 

J.  F.  Walsh....  5.00 

T.  A.  Lawes 5.00 

H.  F.  Ball 5.00 


27 
27 
27 


27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 


27 
27 
27 
27 
27 
27 
27 
27 
27 
27 


27 

27 


27 
27 
27 


Carried  fonvard   $1425.00 
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Brought  forward 

$1425.00 

Brought  forward 

$1,655.00 

July  27    H.  A.  Gillis... 

5.00 

July 

27 

E.  F.  Needham. 

5.00 

"    27    W.  H.  Marshal 

I         5.00 

« 

27 

L.  L.  Bentley.. 

5.00 

"    27    D.  J.  Justice... 

5.00 

" 

27 

Geo.  James  . . . 

5.00 

"    27    W.  B.  Russell. 

5.00 

It 

27 

T.  W.  Heintzle 

"    27     B.  H.  tray.... 
"    27    J.  E.  Chisholm. 

5.00 
5.00 

man   

5.00 
5.00 

« 

27 

F.  M.  McNulty 

"    27    J.  H.  Pennington 

10.00 

<( 

27 

A.  E.  Mitchell. 

5.00 

"    27    A.  C  Adams.. 

5.00 

«< 

27 

J.  B.  Barnes... 

5.00 

"     27    Thos.  Paxton.. 

5.00 

" 

27 

J.  H.  Clark.... 

5.00 

"     27     G.  L.  Fowler.. 

5.00 

« 

27 

A.  H.  Watts... 

5.00 

"     27    A.  C.  Russell.. 

5.00 

u 

27 

F.  P.  Roesch.. 

5.00 

"     27     P.  M.  Hammet 

t        5.00 

it 

27 

P.  J.  Harrigan. 

5.00 

"     27     H.  H.  Harringto 

n        5.00 

" 

27 

J.  B.  Elliott... 

5.00 

"     27    T.  W.  Demares 

t         5.00 

tl 

21 

A.  B.  Minton.. 

5.00 

"     27    D.  J.  Durrell.. 

5.00 

tl 

27 

J.  H.  Manning. 

5.00 

"    27    M.  G.  Bock.... 

5.00 

tt 

27 

W.  L.  Gilmore. 

5.00 

'I    27    W.  G.  Menzel. 

5.00 

tt 

27 

C.  J.  Stewart.. 

5.00 

27    D.  E.  Davis... 

5.00 

tt 

27 

C.  K.  Bowles.. 

*  10.00 

"    27    w.  H.  Stocks.. 

5.00 

tt 

27 

C.  D.  Vanaman 

5.00 

I    27   J.  w.  Records. 

5.00 

" 

27 

E.  D.  Bronner. 

5.00 

27    J.  B.  Morgan.. 

5.00 

tt 

21 

H.  T.  Herr.... 

5.00 

^'   27   jas.  Milliken  . . 

15.00 

tt 

27 

F.  M.  Whyte.. 

5.00 

,,"  ^    L.  B.  Rhodes.. 

5.00 

tt 

27 

F.  M.  Gilbert.. 

5.00 

,,    ^     J.  E.  Goodman. 

5.00 

tt 

27 

G.  W.  West... 

5.00 

»    ^     J.  A.  Graham.. 

5.00 

tt 

27 

J.  E  Sague.... 

5.00 

»    ^      S.  T.  Park.... 

5.00 

" 

27 

J.  C.  Fraps 

5.00 

'    ^       J-  S.  Cook 

5.00 

tt 

27 

F.  W.  Brazier. 

5.00 

^        X^.  Haskell  .... 

5.00 

tt 

27 

D.  J.  Redding. 

5.00 

^         Cj;.  R.  Joughins. 

5.00 

tt 

27 

J.  S.  Bell 

5.00 

^         :F^  E.  Smith... 

5.00 

tt 

27 

J.  J.  Conolly. . . 

5.00 

^        J-  K.  Brassill.. 

5.00 

It 

27 

A.  W.  Lord... 

S.00 

^         V^.  T.  Neubert. 

5.00 

tt 

27 

R.  T.  Shea.... 

5.00 

^        J.    A.  Egan.... 

5.00 

tt 

27 

H.  Monkhouse. 

5.00 

^        -f'V.  Stewart  .... 

5.00 

tt 

27 

F.  A.  Delano.. 

5.00 

^        ^t^.  A.  Torrey  . . 

5.00 

tl 

27 

R.  J.  Grass.... 

5.00 

^        ^t5*,  A.  Chase... 

5.00 

tt 

27 

Wm.  Mcintosh. 

5.00 

27       J,   E.  Muhlfeld. 

5.00 

tt 

27 

D.  B.  Cargo... 

5.00 

27       Cr.  M.  Harris.. 

5.00 

tt 

27 

F.  J.  Cole 

5.00 

•    27       :^.L.  Leach... 

5.00 

tt 

27 

J.  C  Little.... 

5.00 

"    27      J.  T.Hayes.... 

5.00 

tt 

27 

R.  L.  Ettenger. 

5.00 

"    ^      'r.  A.  Foquc. . . 

5.00 

tt 

•27 

G.  L.  Dickson. 

.     5.00 

"    ^      ^.  A.  BiUingham 

5.00 

tt 

27 

Wm.  Jennings. 

5.00 

"    ^     AA^.  H.  Wilson. 

5.00 

"    27    G.  A.  Moriarty. 
Carried  forward  

5.00 

rar^^^   forward  

$1,655.00 

$1,870.00 
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Brought  forward $1,870.00 

July  27  R.  P.  C.  Sander- 
son    10.00 

"  27  John  Hair 5.00 

"  27  M.  R.  Coutant..  5.00 

"  27  Thos.  Roope  ...  5.00 

"  27  E.  J.  Smith 5.00 

"  27  J.  E.  Gould 5.00 

"  27  W.  W.  Atterbury  5.00 

"  27  C  E.  Gossett...  5.00 

"  27  D.  O'Leary 5.00 

"  27  D.  Van  Alstyne.  5.00 

"  27  T.  H.  Symington  5.00 

"  27  A.  W.  Gibbs....  5.00 

"  27  A.  S.  Vogt 5.00 

"  27  E.  D.  Nelson...  5.00 

"  27  F.  J.  Zerbee....  500 

Aug.   7  C.   H.  Wiggin..  5.00 

"  7  A.  White  500 

"  7  J.  E.  Irwin 5.00 

"  7  L.  A.  Shepard..  5.00 

"  7  J.  J.  Waters....  5.00 

"  7  W.  L.  Kellogg..  5.00 

"  7  W.   R.   McKeen, 

Jr 500 

"  7  T.  E.  Adams...  5.00 

7  Geo.  Collin  5.00 

"  7  Geo.  Asselin  . . .  5.00 

"  7  J.  C.  Glass 5.00 

"  7  J.  T.  McGrath..  5.00 

"  7  D.  W.  Ford....  500 

"  7  J.  P.  Nolan....  5.00 

"  7  T.  B.  Purves,  Jr.  5.00 

"  7  L.  H.  Fry 5.00 

"  7  R,  M.  Boldridge  500 

"  7  G.  R.  Bennett..  5.00 

"  7  L.  A.  Richardson  5.00 

"  7  C.  M.  Babcock..  5.00 

"  7  D.  A.  Wightman  5.00 

"  7  G.  J.  Churchward  5.00 

"  7  J.  A.  McRae....  5.00 

"  7  W.H.  Richmond  500 

"  7  W.  F.  Bradley..  5.00 

"  7  F.  T.  Slayton...  5.00 


Carried  forward   $2,080.00 


Brought  forward 

.$2,080.00 

ug 

G.  R.  Henderson        5.00 

u 

C.  J.  Thornton. 

5.00 

H 

W.  H.  Brehm. 

5.00 

tt 

J.  A-  Carney... 

5.00 

tt 

H".  Emerson  .. 

5.00 

tt 

J.  W.  Harkom. 

5.00 

ft 

Wm.  Worsdcll. 

5.00 

U 

E.  W.  Burgis.. 

5.00 

tt 

W.  E.  Dunham 

500 

f< 

R.  Preston 

5.00 

tt 

E.  Marshall  . . . 

5.00 

tt 

J.  J.  Sullivan.. 

500 

tt 

W.  M.  Taylor. 

500 

tt 

A.  F.  Stewart.. 

5.00 

tt 

W.  C.  Hayes.. 

5.00 

tt 

W.  A.  Smith.. 

5.00 

tt 

10 

A.  J.  Cota 

5.00 

tt 

10 

C.  D.  Hilfcrty. 

5.00 

tt 

10 

I.  W.  Fowle... 

5-00 

tt 

10 

Jno.  Horrigan. 

5.00 

tt 

10 

J.  E.  Cameron. 

5.00 

tt 

10 

C.  M.  Mendenha 

11        5.00 

tt 

10 

E.  p.  Gilbert.. 

5.00 

tt 

10 

C  F.  Baker... 

500 

tt 

27 

W.  H.  Traver. 

5.00 

tt 

27 

W.  E.  Chester. 

5.00 

tt 

27 

D.  F.  Crawford 

5.00 

" 

27 

Geo.  Thompson 

SOD 

" 

27 

F.  A.  Casey... 

5.00 

tt 

27 

Maynard  Robin 

son  

s.oo 

tt 

26 

E.  Elden 

Soo 

tt 

26 

C.  M.  Muchnic. 

5.00 

tt 

26 

L.  S.  Kinnaird. 

500 

tt 

26 

E.  E.  Davis... 

SOO 

** 

26 

W.  F.  Dixon.. 

500 

tt 

26 

C.  B.  Young... 

5.00 

It 

26 

P.  G.  Thomas. 

5.00 

tt 

26 

Bert  Hartigan. 

5.00 

tt 

26 

W.  0.  Johnson 

15.00 

tt 

26 

J.  W.  Hill 

5.00 

tt 

26 

G.  H.  Bussing. 

5.00 

tt 

26 

S.  Phipps 

5.00 

Carried  forward  $2,300.00 
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Brought  forward 

$2,300.00 

Brought  forward $2,525.00 

Aug.  26 

John  Shelaberger        5.00 

Oct. 

9 

A.  L.  Studer . . . 

5.00 

u 

26 

F.  H.  Neward. 

5.00 

u 

9 

A.  Lovell  

5.00 

u 

26 

J.  McLean 

5.00 

il 

9 

C.  F.  Street.... 

5.00 

it 

26 

P.  D.  Park.... 

1500 

u 

9 

H.  B.  Hawe.... 

5.00 

u 

26 

H.  C.  Van  Bus 

ft 

9 

J.    G.    De    Silva 

kirk  

5.00 

Friere   

5.00 

u 

26 

R.  H.  Briggs.. 

5.00 

** 

9 

P.  D.  Plank.... 

5.00 

u 

26 

C.  A.  Bingaman        5.00 

tt 

9 

Wm.  Schlafge  . . 

5.00 

" 

26 

John  McNamara        5.00 

11 

9 

W.  H.  Lewis... 

5.00 

« 

26 

E.  Ryan  

5.00 

it 

9 

Alex.  Kearney.. 

5.00 

<4 

26 

J.  M.  Robb.... 

500 

tt 

9 

G.  A.  Gallagher. 

5.00 

ti 

26 

J.  S.  Booth 

5.00 

ti 

9 

C.  W.  Cross.... 

5.00 

it 

26 

G.  S.  McKee.. 

5.00 

tt 

9 

A.  J.  Fries 

5.00 

u 

26 

W.  B.  Robb... 

5.00 

" 

9 

H.  P.  Durham.. 

5.00 

u 

26 

Thos.  Millen  . . 

5.00 

" 

9 

T.    W.    Macfar- 

l< 

26 

J.  R.  Morrison. 
H.  L.  Hobbs... 

5.00 
5.00 

lane   

5.00 
5.00 

u 

26 

it 

9 

G.  A.  Ferguson.. 

«< 

26 

T.  H.  Curtis... 

5-00 

" 

9 

W.  E.  Amann.. 

5.00 

« 

26 

A.  McCormick. 

5.00 

it 

9 

L.  C.  Noble 

5.00 

*t 

26 

G.  S.  Hunter.. 

5.00 

tt 

9 

Ben  Johnson  . . . 

5.00 

(« 

26 

R.  N.  Durborov* 

r         500 

ti 

9 

F.  Monlaverdo . . 

10.00 

tt 

26 

G.  W.  French. 

5.00 

" 

9 

A.M.White.... 

5.00 

Sept 

.  12 

H.  Iwasaki  ... 

5.00 

it 

9 

Owen  Clark  ... 

5.00 

it 

12 

S.  Hatah  

500 

" 

9 

W.  C.  A.  Henry 

5.00 

t* 

25 

C.  E.  Foyle... 

5.00 

tt 

15 

F.  G.  Ferguson. 

5.00 

Oct. 

9 

J.  R.   Gould... 

5.00 

tt 

15 

C.  W.  Stevenson  • 

5.00 

tt 

9 

C.  P.  Diehr... 

5.00 

tt 

15 

H.  Tregelles  . . . 

5.00 

4« 

9 

J.  S.Albright.. 

5.00 

it 

18 

H.  M.  C.  Skinner 

5.00 

« 

9 

Wm.  Forsyth  . 

5.00 

tt 

18 

J.  R.  Van  Cleve 

5.00 

« 

9 

C.  R.  Ord 

5.00 

tt 

18 

W.  D.  Holland.. 

5.00 

« 

9 

G.  H.  Baker... 

5.00 

tt 

18 

W.  Cross  

5.00 

« 

9 

Manuel  Elordi. 

10.00 

tt 

18 

J.  S.  Chambers.. 

5.00 

« 

9 

R.  Moran 

5.00 

ti 

18 

A.  Bardsley 

5.00 

" 

9 

E.  A.  Miller... 

5.00 

a 

28 

T.  S.  Beauclerk. 

5.00 

«< 

9 

W.T.Smith... 

5.00 

ti 

28 

Harry  Pearse  . . 

5.00 

« 

9 

R.  Griffith  

5.00 

'it 

28 

L.  Greaven  

5.00 

« 

9 

E.  S.  Marshall. 

5.00 

tt 

28 

J.  B.  Michael... 

5.00 

tt 

9 

R.  V.  Wright.. 

5.00 

tt 

28 

R.  E.  Osborne.. 

5.00 

I* 

9 

J.  H.  McConnel 

1        500 

Nov 

.18 

Jas.  Marchbanks 

5.00 

li 

9 

J.  J.  Casey.... 

5.00 

it 

18 

F.  H.  Litton.... 

5.00 

tt 

9 

Henry  Bartlett. 

5-00 

" 

18 

L  N.  Kalbaugh.. 

5.00 

tt 

9 

Henry  Fowler. 

5.00 

it 

18 

W.  E.  Knight... 

5.00 

tt 

9 

D.  E.  Cassidy.. 

5.00 

tt 

18 

R.  A.  Smart.... 

5.00 

Carried  forward   $2,525.00 


Carried  forward  $2,735.00 
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Brought  forward $2,735.00 

Nov.  18    E.  C.  Bates 5.00 

"  18  R.  H.  Johnson. 
"  18  C  W.  Hayes.. 
"  23  M.  J.  Drury... 
"  23  H.D.Gordon.. 
"  27  A.  J.  Klirman.. 
"  27  C.  R.  Williams. 
"  27  R.  J.  Goodale.. 
"  29  H.  G.  Bechhold 
Dec.  6  J.  F.  Deems . . . 
"      6    F.  T.  Hyndman 

"    21     W.  Sinnott 

"    21     A.  G.  Machesney 
"    21    J.  G.  Piatt.. 
"    21    B.   P.   Flory. 
Jan.     I    M.     H.     Wick 

horst   

Richard   English 

J.  A.  Turner. . 

Jas.  Fitzmorris 

W.  I.  McCammon 

A.  B.  Adams . . 

F,  G.  Benjamin 

D.  Witherspoon 


I 
I 
I 
I 
6 
6 

23 

23    Wm.  Thow 


Feb. 


A.  W.  Lord  . . 
H.  L,  Aldana. 
H.  Stillman  . . 
Oscar  Antz  . . 
W.  J.  Haynen. 
Theo.  Larrey. 
W.  H.  Russell 
O.  M.  Foster. 
W.  S.  Gallaway 
P.  T.  Rusch.. 
T.  Sakuma  . . 
F.  B.  Smith.. 

B.  D.  Lockwood 
Harry  Pearse  . 
T.  S.  Beauclerk 
H.  P.  Meredith 
L.  A.  Petries. . 
F.  S.  Hoffmaster 


500 
5.00 
500 
5.00 
5.00 
5.00 
500 
500 
500 
500 
5.00 
5.00 
500 
500 

5.00 
5.00 
5.00 
5-00 

20.00 
5.00 
5.00 
500 

10.00 
5.00 
500 
5.00 
500 
500 
500 
5.00 
500 
500 
500 
5.00 
5.00 

10.00 
5.00 
5.00 
500 
5.00 
500 


Carried  forward   $2,970.00 


Brought  forward $2,970.00 


Feb.  13 
20 
20 
20 
20 
24 
24 

Mar.   6 


W.  A.  Nettleton 
C.  L.  Meister^. 
W.  H.  Hamilton 
H.  G.  Hudson. . 
C.  J.  McMasters 
Thos.  Booth  . . . 
Jas.  Buchanan.. . 

E.  G.  Moan .... 

C.  F.  Chase.... 
W.  S.  Clarkson. 
W.  L.  Harrison. 
S.  J.  Delaney. . . 

D.  G.  Desmond.. 

A.  C.  Deverell. . 

J.  B.  Miller 

J.  T.  Flavin 

B.  H.  Hawkins.. 
Samuel  Shepard 
W.  B.  Leach... 
W.  G.  Edmonson 
J.  H.  Maysilles. 
Geo.  H.  Hodgins 
Geo.  Dickson  . . 
J.  Kirkpatrick. . . 
H.  W.  Hibbard. 
Wm.  Hassman.. 
M.  K.  Barnum. . 
Wm.  Augustus.. 
J.  S.  Patterson . . 

F.  Mertsheimer. 

F.  A.  Smock 

J.  Potton  

G.  H.  Haselton.. 

C.  H.  Prescott.. 
Jno.  Dickson  . . . 
C  F.  Baker.... 
C.  M.  Hoffman. 
Samuel  Watson. 
T.  McHattie  . . . 
Chas.  Wilson  . . 
C.  M.  Taylor. . . 
John  Med  way  . . 
R.  M.  McDougall 


5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
5-00 
5.00 
5.00 
500 
5.00 
5-00 
5.00 
500 
5.00 
500 
5.00 
5.00 
500 
5.00 
500 
5.00 
5.00 
5.00 
5.00 
5.00 
5.00 
500 
5.00 
5.00 
5.00 
5-00 
500 
5.00 
5.00 
5.00 
10.00 
5.00 
5.00 
500 


Carried  fonvard   $3,190.00 
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21 
21 
21 
21 
21 
21 
21 
28 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 


Brought  forward $3,190.00 

Mar.  21     W.  J.  Wilcox . . .  10.00 

S.  L.  Blair 10.00 

J.  T.  McGrath..  5.00 

Frank  Singer  . .  5.00 

S.  W.  Miller....  5.00 

J.  H.  Rice 5.00 

F.  H.  Clark....  5.00 
M.  S.  Monroe. .  5.00 

G.  L.  Wall 5.00 

Apr.  17    J.  I.  Krauss 5.00 

C.  G.  Turner. . .  5.00 

L.  L.  Collier 5.00 

F.  J.  Leigh 5.00 

F.  E.  Place 5.00 

Max  Toltz 5.00 

L.  L.  Smith 10.00 

V.  U.  Powell . . .  10.00 

Rufus  Hill 5.00 

C  M.  Stansbury  5.00 

E.  N.  Weist 5.00 

Jas.  McDonough  5.00 

F.  W.  Williams.  5.00 

D.  W.  Cunning- 
ham    5.00 

R.  R.  Young  . . .  5.00 

A.  B.  Todd 5.00 

G.  H.  Emerson..  5.00 
C.  H.  Barnes.. .  5.00 
J.  Christopher..  5.00 
A.  L.  Moler. .  5.00 

"    18    Wm.  Moir 5.00 

"    18    Geo.  B.  Nutt...  5.00 

"    24     C.  J.  Bushmeyer  5.00 

"    24    J.  L.  Smith 5.00 

"    24    W.  J.  Bennett. .  5.00 

24    Theo.  Laurent . .  5.00 

"    24    J.  F.  De  Voy...  5.00 

"    24    Arthur  Dinan  . .  5.00 

"    24    Wilbur  Green  . .  5.00 

"    24    W.  P.  Hobson..  5.00 

May    I    Thos.   Yeager... .  5.00 

I     S.  Phipps 5.00 

"      2    T.  W.  McCarthy  5.00 


Brought  forward $3420.00 


Carried  forward   $3,420.00 


May    9  J.  E.  Symons... 

"  9  T.    Smithhurst . . 

"  9  G.  P.  Goodrich.. 

"  12  G.  A.  Gallagher. 

"  12  J.  R.  Groves 

"  12  H.  C.  Manchester 

"  12  L  C.  Hicks 

"  12  Thos.  Rumney. . 

"  12  N.  W.  Sample.. 

"  12  Wm.  Kelly 

"  12  W.  L.  Tracy 

"  12  J.  W.  Balderston 

"  12  R  Finch 

"  12  Alfred   Williams 

"  12  Harry  Pollitt  .. 

"  23  J.    Piccioli 

"  23  C.  T.  Noyes 

"  23  W.  T.  Foster... 

"  23  Frank    Robinson 

"  23  W.  Montgomery 

"  23  C.  W.  Lee 

"  23  J.  G.  Clifford.. 

"  23  O.  A.  Fisher... 

"  23  E.  Thomas   . . . 

"  23  J.  M.  Dow 

"  23  D.  J.  Mullen... 

"  23  J.  P.  Dolan.... 

"  23  D.  M.  Pearsall. 

"  23  C.  A.  Thompson 

"  23  J.  W.  Small... 

"  23  J.  S.  Pearce. . . 

"  23  T.  F.  Brady... 

"  23  J.  A.  Gibson . . . 
June   6  ,  A.  Buchanan,  Jr. 

••  6  D.  Clark 

"  .6  F.  M.  Fryburg. 

"  6  C.  C.York 

"  6  R  D.  Hawkins 

"  6  E.  Chamberlin. 

"  6  A.  G.  Turnbull 

**  6  Frank  Tuma  . . 

"  6  W.  G.  Wallace. 

"  6  Robt.  Gould   .. 


5.00 

20.00 

5.00 

10.00 

5.00 

5.00 

500 

5.00 

5.00 

10.00 

5.00 

500 

10.00 

15.00 

15.00 

5.00 

5.00 

5.00 

5.00 

500 

5.00 

5.00 

5.00 

10.00 

500 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

5.00 

10.00 

10.00 

5.00 

10.00 

500 

5.00 

5.00 

5.00 

•5.00 

5.00 


Carried  forzvard   $3705.00 
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Brought  forward $3,705.00 

June  is    P.  H.  Brangs...         5.00 
"      6    D.  F.  Van  Rip- 
per           5.00 


Carried  forward   $3,71500 


Brought  forward $3,71500 

June   6    Thos.  Walsh  . . .         5.00 
"      6    C.  S.  Hall 5.00 


Total $3»725.oo 


SCHOLARSHIPS. 

In  regard  to  the  scholarships  at  Stevens  Institute  of  Technology,  during 
the  past  college  year  Mr.  R.  W.  Pritchard  was  the  only  student  attending. 
He  graduated  this  year,  so  that  all  four  scholarships  are  now  vacant. 

The  scholarship  at  Purdue  University  is  filled  by  Mr.  H.  A.  Houston, 
who  is  now  in  his  second  year  term. 

JOS.  W.  TAYLOR, 

Secretary. 


TREASURER'S  REPORT. 

'   June  II,  1907,  balance  on  hand $1,739.11 

June  16,  1907,  received  from  Secretary 38.14 

June   II,    1908,   coupons   on   mortgage   bond,   Jerome 

Wheelock 4000 

Interest  on  deposits  to  June,  1908 34.30 

Balance  in  bank,  June  16,  1908 $1,85155 

Received  from  Secretary,  June  21,  1908 61.22 

$1,912.77 

Also  on  hand  bond  of  the  Mortgage  Bond  Company,  No.  212,  at  four 
per  cent,  for  $1,000. 

New  York,  June  16,  1908. 

The  President:  Gentlemen,  you  have  heard  the  report  of 
the  Secretary  and  the  Treasurer ;  what  action  will  you  take  ? 

Mr.  p.  H.  Peck:  I  move  that  the  reports  of  the  Secretary 
and  Treasurer  be  received  and  referred  to  the  Auditing  Com- 
mittee.    (Carried.) 

The  Secretary:  At  the  meeting  of  the  Executive  Com- 
mittee held  last  evening,  it  was  agreed  to  recommend  that  the 
annual  dues  for  the  present  year  should  be  fixed  the  same  as  last 
year  at  $5. 
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The  President:  Gentlemen,  you  have  heard  the  report  of 
the  Secretary  as  to  the  action  taken  by  the  Executive  Committee 
regarding  the  annual  dues.    What  action  will  you  take? 

Mr.  T.  H.  Curtis  :  I  move  that  the  action  of  the  Executive 
Committee  be  approved.     (Motion  sec<Mided  and  carried.) 

The  President  :  The  next  business  in  order  is  the  election 
of  an  Auditing  Committee  of  three  members.  Let  us  have  recom- 
mendations for  this  committee.     Who  shall  they  be? 

The  following  gentlemen  were  nominated  for  members  of 
the  Auditing  Committee :  L.  R.  Pomeroy,  J.  W.  Fogg  and  C.  H. 
Snyder. 

On  motion  the  nominations  were  closed  and  the  Secretary 
was  authorized  to  cast  the  ballot  for  the  election  of  these  gentle- 
men as  the  Auditing  Committee,  which  was  done. 

The  President:  The  next  order  of  business  is  unfinished 
business. 

The'  Secretary:  There  is  nothing  under  the  heacj  of 
unfinished  business. 

The  President  :    We  will  now  proceed  to  new  business. 

The  Secretary  :  As  has  been  the  custom  for  several  years, 
I  invited  the  Traveling  Engineers'  Association  to  have  a  repre- 
sentative present  at  this  meeting.  I  have  a  letter  from  Mr.  W.  O. 
Thompson,  Secretary,  notifying  me  of  the  appointment  of  Mr. 
W.  J.  Hurley,  of  the  New  York  Central,  who  is  also  a  Past 
President  of  the  Traveling  Engineers'  Association. 

Mr.  G.  W.  Wildin  :  I  move  that  we  extend  to  Mr.  Hurley 
the  privileges  of  the  floor  as  the  representative  of  the  Traveling 
Engineers*  Association.     (Motion  carried.) 

The  President:  Mr.  Hurley,  we  are  pleased  to  extend  to 
you  the  privileges  of  the  floor  at  this  convention. 

Mr.  Hurley:  Mr.  President,  and  Gentlemen:  I  thank  you 
on  behalf  of  the  Traveling  Engineers'  Association  for  the  priv- 
ileges of  the  floor.     [Applause.] 

The  Secretary  :  Mr.  President,  at  the  meeting  last  evening 
of  the  Executive  Committee,  the  application  of  Mr.  John  Med- 
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way  for  honorary  membership  was  considered  and  was  ordered 
submitted  to  the  convention  with  the  approval  of  the  Executive 
Committee.  Mr.  Medway  has  been  a  member  of  the  Association 
since  the  year  1888. 

The  President:  Gentlemen,  you  have  heard  the  recom- 
mendation of  the  Executive  Committee  in  regard  to  making 
Mr.  John  Medway  an  honorary  member  of  this  Association. 

Mr.  F.  F.  Gaines:  I  move  that  the  recommendation  of  the 
Executive  Committee  be  approved  and  that  Mr.  Medway  be 
made  an  honorary  member  of  this  Association. 

(Motion  seconded  and  carried.) 

The  Secretary:  The  application  of  Mr.  W.  H.  Thomas, 
formerly  Superintendent  of  Motive  Power  of  the  Southern 
Railway,  is  submitted  by  the  Executive  Committee  for  life  mem- 
bership. Mr.  Thomas  has  been  a  member  of  the  Association 
since  1883. 

Mr.  President:  What  action  will  you  take  on  this  applica- 
tion? 

Mr.  J.  H.  Setchel:    I  move  that  Mr.  Thomas  be  made  an 
honorary  member  of  this  Association. 
Motion  seconded  and  carried. 

The  Secretary  :  Mr.  John  Player,  formerly  Superintendent 
of  Motive  Power  of  the  Atchison  Road,  asks  to  be  made  an 
honorary  member  of  the  Association.  This  application  meets 
with  the  approval  of  the  Executive  Committee.  He  has  been 
a  member  of  the  Association  since  1881. 

The  President  :  What  action  will  you  take  on  this  applica- 
tion? 

Mr.  p.  H.  Peck  :    I  move  that  Mr.  Player  be  made  an  honor- 
ary member  of  this  Association. 
Motion  seconded  and  carried. 

The  Secretary:  Mr.  President,  I  have  the  proposal  of 
Prof.  Edward  G.  Schmidt,  Associate  Professor  of  Railway  Engi- 
neering of  the  University  of  Illinois,  for  Associate  Membership 
in  the  Association. 
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The  proposal  is  signed  by  Messrs.  C.  B.  Young,  M.  K. 
Bamum  and  LeGrand  Parish.  This  is  a  notice  which,  under  our 
rules,  will  have  to  lie  over  until  the  next  annual  convention. 

The  President  has  appointed  the  following  Committee  on 
Correspondence  and  Resolutions:  Messrs.  G.  M.  Basford,  L.  R. 
Pomeroy  and  A.  E.  Mitchell. 

On  Obituaries :  M.  N.  Forney,  A.  Sinclair ;  E.  Ryan,  George 
W.  Butcher ;  L.  M.  Kidd,  Ben  Johnson ;  O.  Stewart,  A.  Mont- 
gomery ;  James  Macbeth,  A.  M.  Waitt. 

The  President:  Gentlemen,  we  have  now  arrived  at  the 
discussion  of  reports.  The  first  one  in  order  is  on  **  Mechanical 
Stokers."  I  think,  gentlemen,  we  can  expedite  the  work  materi- 
ally if  it  is  understood  when  these  reports  are  read,  that  they  are 
received.  It  does  not  require  a  motion.  We  simply  accept  the 
reports  unless  there  is  objection.  It  will  then  further  save  time 
if  we  all  keep  closely  to  the  subject  and  not  wander  away  too  far, 
and  at  the  conclusion  of  the  discussion,  when  the  proper  time 
comes  to  close,  let  some  one  who  has  been  following  closely  take 
that  action.  Is  Mr.  Garstang  here  to  read  this  report?  Is  Mr. 
Hodgins  here?    Mr.  Walsh,  will  you  read  it? 

(The  report  of  the  committee  was  presented  by  Mr.  J.  F. 
Walsh,  C.  &  O.  Ry.) 

REPORT  OF  COMMITTEE  ON  MECHANICAL  STOKERS. 
To  the  Members: 

The  mechanical  stokers  used  on  locomotives  in  this  country  up  to 
the  present  time  have  at  least  demonstrated  the  fact  that  freight  and 
passenger  engines,  in  road  service,  can  be  successfully  fired  by  mechani- 
cal means.  Mechanical  stoking,  however,  has  not  made  much  progress 
abroad.  In  reply  to  an  inquiry  on  this  subject,  Mr.  G.  J.  Churchward, 
Chief  Superintendent  of  the  Locomotive,  Carriage  and  Wagon  Depart- 
ment of  the  Great  Western  Railway  of  England,  says:  "We  have  tried 
some  mechanical  stokers,  but  with  our  lump  coal  and  the  amount  per 
mile  we  use,  neither  of  the  appliances  I  have  yet  seen  has  any  prospect 
of  superseding  hand  firing.  Our  average  consumption  per  engine  mile 
over  the  whole  railway  is  only  about  40  pounds." 

Your  committee  is  advised  that  some  experiments  are  now  being 
made  with  an  underfeed  type  of  locomotive  stoker,  and  other  forms 
are  also   undergoing   experiments    on   various    railroads    throughout    the 


Digitized  by  VjOOQIC 


60 

country,  and  in  presenting  this  progress  report,  your  committee,  while 
acknowledging  its  indebtedness  to  those  who  have  kindly  communicated 
the  results  of  stoker  trials,  yet  feels  that  the  data  so  far  available  has 
not  been  sufficiently  conclusive  to  warrant  its  being  formally  presented 
to  the  Association. 

Stokers  concerning  which  your  committee  have  been  able  to  obtain 
some  information  since  the  1907  convention  are  the  Victor  (formerly 
the  Day-Kincade),.the  Crosby,  Hayden  and  the  Strouse  types.  It  may 
be  observed  that  the  Day-Kincade  stoker  originated  on  the  Chesapeake 
&  Ohio  Railroad  and  the  earliest  experiments  with  this  device  were  made 
on  that  road.  The  following  descriptions  and  illustrations  of  the  above 
devices  have  been  compiled  chiefly  from  accounts  published  at  various 
times  in  the  columns  of  Railway  and  Locomotive  Engineering,  and  they 
are  inserted  in  this  report  for  the  general  information  of  the  members 
of  the  Association. 

VICTOR  MECHANICAL  STOKER. 

The  Victor  stoker  consists  of  a  coal  hopper  which  stands  on  a  frame. 
The  frame,  which  is  attached  to  the  boiler  and  is  supported  upon  three 
small  wheels,  stands  on  the  foot  plate  of  the  locomotive.  Underneath 
the  hopper  is  a  steam  cylinder  placed  horizontally,  which  operates  a  ram 
or  plunger  for  throwing  coal  into  the  fire-box.  This  may  be  called  the 
plunger  engine  in  order  to  readily  distinguish  it.  Under  the  hopper  and 
at  the  forward  end,  placed  crosswise,  is  a  small  reciprocating  engine 
which  operates  the  valve  of  the  plunger  engine  and  it  also  keeps  a  pair 
of  conveyor  screws  in  motion.     (See  Fig.  i.) 

The  conveyor  screws  lie  along  the  bottom  of  the  coal  hopper,  one 
on  each  side,  and  their  motion  is  effected  by  the  rotation  of  their  shafts 
by  ratchets,  pawls  being  attached  to  a  lever  with  comiection  rod,  actuated 
by  the  small  reciprocating  engine.  Coal  thrown  into  the  hopper  by  the 
fireman  is  thus  constantly  worked  forward  and  delivered  on  the  stoking 
plate  in  front  of  the  ram. 

The  reciprocating  movement  of  the  ram  or  plunger  is  the  same  as 
piston  of  the  plunger  engine,  which  drives  it.  This  piston  is  driven  for- 
ward by  live  steam  pressure,  but  it  makes,  in  regular  order,  what  may 
be  called  a  rapid,  medium  and  slow  stroke  according  to  the  amount  of 
steam  admitted  behind  it.  This  effect  is  produced  in  a  regular  cycle  by 
the  successive  opening  of  three  valves,  one  at  each  stroke,  and  these 
valves  are  rotated  in  regular  order  and  thus  opened  and  closed  by  a 
ratchet-and-pawl  mechanism  similar  to  that  for  the  conveyor  screws, 
and  operated  by  the  small  reciprocating  engine.     (See  Fig.  2.) 

The  front  of  the  plunger  or  ram  is  wedge-shaped,  resembling  a 
locomotive  pilot,  and  when  driven  rapidly  into  the  small  heap  of  coal 
on  the  stoking  plate,  which  has  been  previously  placed  there  by  the  action 
of  the  conveyor  screws,  the  little  heap  is  thrown  into  the  fire  box  over 
an  upward  sloping  deflector.     The  force  of  the  blow,  the  shape  of  the 
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Fig.  I. —  Victor  Stoker. 


Fig.  2.— Victor  Stoker  with  Hopper  Tilted. 
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ram  and  the  angle  of  the  deflector  plate  all  conspire  to  produce  a  spreading: 
and  shower-like  distribution  of  the  coal  over  the  front  area  of  the  grates. 
The  second  and  less  violent  stroke  of  the  ram  causes  a  similar  distri- 
l>ution  of  coal  over  the  middle  area  of  the  grates,  and  the  third  and 
slowest  stroke  showers  the  coal  upon  the  rear  area  of  the  grates. 

The  rapid,  medium  and  slow  strokes  of  the  plunger  follow  each 
other  in  regular  sequence  and  thus  the  coal  shower  falls  if  we  may  so 
say,  upon  the  background,  middle  distance  and  foreground  of  the  fire 
box.  The  return  of  the  plunger  and  piston  being  in  each  case  produced 
by  live  steam  pressure,  the  exhaust  from  the  reciprocating  and  plunger 
engines  enter  the  fire  box  over  the  deflector  plate. 

As  the  plunger  is  drawn  back  there  is  for  a  moment  a  rush  of  air 
into  the  fire  box  through  the  space  left  by  the  receding  plunger,  but  this 
space  is  at  once  filled  by  coal,  urged  forward  by  the  action  of  the  con- 
veyor screws.  With  this  stroke  the  work  of  the  fireman  is  to  shovel 
the  coal  into  the  hopper  and  regulate  the  speed  of  the  whole  mechanism 
as  circumstances  may  require. 

THE  CROSBY   STOKER. 

In  the  working  of  this  mechanical  stoker  on  locomotives  there  are 
practically  three  operations.  They  are  the  transfer  of  coal  from  the  tender 
to  the  fire  door,  the  application  of  the  force  requisite  to  throw  the  coal 
into  the  fire  box,  and  the  operation  which  consists  of  properly  distribut- 
ing it. 

To  accomplish  the  first  operation  the  mechanism  is  so  arranged  as 
to  be  easily  and  conveniently  started  and  stopped,  and  it  is  able  to  furnish 
a  variable  supply  of  coal.  The  second  step  is  to  impart  sufficient  force 
to  carry  the  coal  into  the  fire  box,  varying  only  in  the  quantity  handled, 
the  variations  being  arranged  for  in  the  conveyor.  The  last  step  is  con- 
stant under  ordinary  conditions  and  is  controllable  for  varying  condi- 
tions. It  is  automatic  for  normal  conditions  .and  manually  controllable 
for  special  requirements. 

The  transfer  of  coal  from  tender  to  fire  door  is  accomplished  by  the 
use  of  a  screw  conveyor,  extending  from  the  toal  space  i^^  the  tender 
to  the  fire  door,  and  running  in  a  sheet-metal  trough  having  a  circular 
bottom  and  flaring  sides.     (See  Fig.  3.) 

The  trough  lies  upon  the  bottom  of  the  coal  space  from  the  rear 
end  to  a  point  just  in  front  of  the  coal  grate.  At  this  point  both  screw 
conveyor  and  trough  are  so  jointed  as  to  provide  for  the  motion  of 
engine  and"  tender  due  to  unevenness  of  track,  and  on  curves  this  joint 
allows  the  remaining  portion  of  the  screw  conveyor  and  trough  to  incline 
upward  to  fire  door,  and  also  to  allow  the  trough  and  screw  conveyor 
to  be  raised  to  a  vertical  position,  and  stand  back  against  the  coal  gate 
out  of  the  way  wh^n  not  in  use.  When  in  operation  the  upper  end  of  this 
part  of  the  conveyor  rests  in  a  pivoted  saddle  upon  the  stoker  proper. 
The  lower  section  of  the  conveyor  is  covered  with  plates  about  a  foot 
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long,  from  its  rear  end  to  within  a  few  inches  of  the  coal  gate,  when  the 
tender  is  full  of  coal,  and  as  the-  coal  supply  diminishes  the  plates  are 
removed  one  by  one. 

The  conveyor  handles  lumps  of  coal  up  to  lo  or  12  inches,  and  will 
bring  them  to  where  the  fireman  can  reach  them.  When  large  pieces 
of  coal  come  to  the  joint,  or  as  they  pass  up  the  incline  they  must  be 
broken  to  about  4-inch  lumps.  This  is  accomplished  by  the  use  of  an 
ordinary  machinist's  hammer,  and  the  fireman  stands  without  having  to 
stoop  while  he  breaks  the  coal. 

Hanging  under  this  upper  or  inclined  section  of  the  conveyor  is 
a  case  containing  a  cone  gear  by  which  any  one  of  several  speeds  may  be 
imparted  to  the  screw;  or,  it  may  be  stopped  or  started.  The  complete 
control  of  the  screw  is  secured  by  a  lever  placed  within  easy  reach  of  the 
operator. 

The  throwing  of  the  coal  on  the  fire  is  accomplished  by  rapidly  revolv- 
ing steel  blades  placed  within  a  small  receiving  hopper,  which  is  carried 
upon  a  "  head  "  similar  to  that  used  on  a  wood  planer.  Tht  conveyor  dis- 
charges coal  at  the  required  rate  into  the  small  receiving  hopper,  whence 
the  blades  gather  it,  and  discharge  it  forcibly  through  a  round  nozzle  in 
the  door.  Each  of  these  blades  discharges  one-half  of  the  receivings 
hopper,  as  they  are  off-set  for  that  purpose,  and  are  run  at  a  constant 
speed  when  in  operation. 

The  distribution  of  the  coal  is  done  by  moving  the  nozzle  as  the 
coal  emerges  from  it,  thus  distributing  the  coal  over  the  fire  box,  shower- 
like from  place  to  place,  until  the  entire  grate  is  covered,  and  constantly 
repeating  the  operation,  each  cycle  requiring  about  thirty  seconds. 

Starting  at  the  front  left  corner  of  the  fire  box,  the  coal  is  deposited 
in  what  may  be  called  a  "strip,"  about  one-third  of  the  width  of  the  fire 
box,  down  the  left  side,  including  the  back  comer.  The  nozzle  (see  Fig. 
4)  then,  with  a  quick  movement,  shifts  and  delivers  coal  over  one-third 
of  the  width  of  the  box,  up  to  the  flue  sheet.  This  covers  the  middle 
third,  starting  from  under  the  door.  It  then  moves  so  that  the  coal 
may  be  delivered  to  the  front  right  corner  and  down  the  right  side, 
including  the  back  corner.  Then  it  quickly  comes  back  for  delivery  to 
the  front  left  comer,  and  again  repeats  the  cycle. 

A  specially  designed  door  replaces  the  regular  fire  door,  and  to  this 
door  is  bolted  a  casting  which  is  called  the  "main  frame."  It  is  essen- 
tially a  two-chamber  casting,  one  chamber  of  which  is  covered  steam 
tight  by  a  head.  In  this  steam-tight  chamber  a  steam  turbine  disk  is 
mounted  and  upon  which  four  small  steam  jets  impinge.  The  other 
chamber  contains  the  rotary  discharger  before  mentioned.  A  shaft  runs 
through  both  these  chambers  and  carries  the  turbine  wheel  and  the  dis- 
charger, thus  making  a  simple,  direct  connection,  with  only  a  thin  par- . 
tition  between. 

On  the  right,  or  turbine  end,  the  shaft  projects  beyond  the  journal 
which  carries  it,  and  has  a  fly-ball  governor  and  mechanism  mounted 
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upon  the  projecting  end.  Steam  is  admitted  to  the  governor  valve  at 
full  boiler  pressure  and  the  governor  controls  the  speed  from  no  load  to 
full  load  without  attention  from  the  fireman. 

The  other  end  of  the  shaft  (see  Fig.  5)  also  projects  beyond  its 
journal  and  carries  a  spur  gear  which,  in  turn,  drives  a  worm  gear.  This 
gearing  is  contained  in  an  oil-tight  case  bolted  to  the  main  frame.  The 
worm-driven  shaft,  running  at  a  suitable  speed,  projects  from  this  case, 
carrying  a  feather  key,  over  which  slips  the  sleeve  connection  which 
drives  the  conveyor  cone  gear.  The  other,  or  inner  end  of  this  worm- 
driven  shaft,  carries  a  smaller  worm  which  further  reduces  the  speed  for 
driving  the  spreader  mechanism.  This  worm  may  be  engaged  or  dis- 
engaged from  the  shaft  by  means  of  a  small  and  conveniently  placed 
lever,  and  by  moving  this  lever  the  spreader  may  be  stopped  at  any  point 
of  its  cycle,  in  order  to  build  up  the  fire  where  it  may  have  become  weak. 
This  worm  and  .clutch  is  also  enclosed  in  an  oil-tight  case  extending 
from  and  bolted  to  the  other  case. 

The  illustrations  (see  Fig.  7)  show  the  door  standing  open,  one  with 
the  deflector  in  position  and  the  other  with  it  removed,  giving  full  access 
to  the  fire  box.  This  deflector  can  be  easily  taken  off  or  replaced  in  a  few 
seconds,  even  when  hot.  In  fact,  the  entire  operation  of  raising  the  con- 
veyor and  removing  the  deflector  occupies  about  thirty  seconds.  The 
total  weight  of  the  stoker  and  conveyor  is  about  900  pounds. 


Fig.  3. —  Crosby  Stoker.    The  Worm  Conveyor. 
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Fig.  4. —  Crosby  Stoker.    Discharging  Hopper. 


Fig.  5. —  Crosby  Stoker.    The  deflector  attached. 
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Fig.  6. —  Crosby  Stoker.     The  deflector  removed. 


Fig.  7. —  Outline  of  the  Crosby  Stoker  and  Conveyor. 
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THE  STROUSE  STOKER. 

This  stoker  is  of  the  plunger  type,  and  although  it  was  not  evolved 
from  what  was  formerly  known  as  the  Day-Kincade  stoker,  its  general 
appearance  is  somewhat  similar.  It  consists  of  a  detachable  frame  mounted 
on  wheels  for  easy  handling.  This  frame  carries  a  detachable  hopper, 
a  reciprocating  plunger  which  distributes  the  coal  and  a  horizontal  steam 
cylinder  with  valves,  valve  motion,  throttle  lever,  etc.  There  is  a  special 
fire  door  hinged  at  the  top  which  opens  inwardly  and  is  operated  auto- 
matically. A  simple  conveyor  (not  shown  in  the  illustration)  takes  coal 
from  the  bottom  of  the  tender  and  delivers  it  to  the  hopper. 

The  delivery  and  distribiUion  of  coal  is  eflfected  by  the  action  of  a 
steam-driven  plunger  moving  horizontally  and  mounted  in  guides.  This 
plimger  is  fitted  with  a  specially  shaped  steel  nose  as  shown  on  photo- 
graph (see  Fig.  8)  taken  from  above  at  an  angle  of  45  degrees.  Coal 
from  the  hopper  feeds  down  into  the  pockets  and  upon  the  plunger  nose 
platform  in  the  fire-box  doorway.  The  forward  movement  of  !he  plunger 
scatters  the  coal  forward  and  to  the  sides  so  that  the  forward  part  and 
front  corners  of  the  grates  are  properly  covered.  The  body  of  the  plunger 
when  pushed  forward  cuts  off  the  coal  feeding  from  the  hopper  until 
the  nose  returns  to  its  farthest  back  position  to  receive  the  next  charge. 
Two  pockets  are  provided,  one  on  either  side  of  the  rear  portion  of  the 
nose,  and  these  carry  a  part  of  the  coal  into  the  fire  box  on  the  forward 
stroke  of  the  plunger,  and  on  its  backward  stroke  these  pockets  discharge 
this  coal  onto  the  back  corners  and  rear  part  of  the  grates. 

The  specially  designed  fire  door  (see  Fig.  9)  is  hinged  at  the  top 
and  is  opened  and  closed  automatically  by  the  operation  of  the  stoker 
throttle  mechanism.  The  whole  apparatus  with  the  exception  of  this  door 
is  secured  to  the  fire-door  ring  by  two  slotted  lugs  and  keys,  and  by  sus- 
pension turn-buckle  rods  which  hook  into  eyes  on  the  boiler  head.  (See 
Fig.  ID.)  The  stoker  is  thus  easily  detachable  and  can  be  quickly  removed 
for  hand  firing  in  case  of  breakage.  The  hopper  is  so  arranged  that  it 
can  be  used  to  fire  alternate  sides  of  the  fire  box,  if  desired.    (See  Fig.  11.) 

The  operation  of  the  stoker  by  the  fireman  consists  in  regulating 
the  speed  of  the  conveyor  mechanism  and  governing  the  length  and  inten- 
sity of  the  plunger  stroke  by  the  stoker  throttle  lever.  The  movement 
of  the  plunger  is  not  automatically  reduced  to  a  cycle  as  with  other  forms 
of  mechanical  stokers,  as  the  design  and  action  of  the  plunger  nose  makes 
this  unnecessary.  The  plunger  stroke  can  be  shortened  or  lengthened 
at  will  by  the  fireman,  who  can  also  vary  the  speed  with  which  it  moves. 
After  having  set  it  to  work,  the  plunger  movement  remains  constant 
until  altered  by  the  fireman.  Heavy  consolidation  locomotives  (see  Fig. 
T2)  on  the  Iowa  Central  are  being  successfully  fired  by  this  stoker. 
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SECTIONAL  ELEVATION 

Fig.  8. —  Strousc  Stoker.    Nose  of  Plunger. 


Fig.  9. —  Strouse  Automatic  Stoker.    Side  and  End  View. 
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Fia  la—  Strouse  Stoker.    Plunger  and  Hopper  photographed  from  above 
at  an  angle  of  45  degrees. 
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Fig.  II. —  End  View  of  Strouse  Stoker  in  Cab. 


Fig.  12. —  Strouse  Stoker  in  Position. 
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THE   HAYDEN   STOKER. 

The  combined  delivery  and  feeding  mechanism  used  in  this  design 
of  stoker,  and  by  which  coal  is  taken  from  the  fuel  space  in  the  tender 
and  delivered  in  the  fire  box,  may  be  considered  to  be,  as  it  actually  is, 
two  distinct  pieces  of  apparatus.  The  function  of  the  tender  equipment 
is  to  convey  coal  to  a  hopper  on  the  back  boiler  head,  and  the  engine 
equipment  consists  of  the  appliance  by  which  the  coal  in  the  hopper  is 
introduced  into  the  fire  box  and  spread  upon  the  fire.  The  operation 
of  the  stoker,  as  a  whole,  may  be  rendered  continuous,  or  either  or  both 
parts  of  the  mechanism  may  be  stopped  at  will.  Hand  firing  may  be 
resorted  to  without  alteration  in  the  stokef  mechanism,  as  it  is  practically 
out  of  the  way  of  the  fireman  and  engineer  all  the  time. 

Tracing  the  coal  from  tender  to  fire  box,  there  is  first  the  receiving 
grate.  This  is  a  heavy  casting  placed  in  the  floor  of  the  tender  close 
in  front  of  the  coal  gates.  The  casting  has  a  series  of  openings  4  by  3^ 
inches,  separated  by  narrow  bridges,  and  through  these  openings  the 
coal  drops  into  a  conveyor  trough,  immediately  under  the  receiving  grate. 
In  this  trough,  which  extends  across  the  fuel  space  from  water  leg  to 
water  leg  of  the  tank,  are  a  series  of  buckets  (see  Fig.  13)  carried  on 
a  pair  of  endless  chains.  The  conveyor  system  consists  of  the  bottom 
trough  just  referred  to,  at  each  end  of  which  are  two  upright  hollow 
tubes  of  oblong  section,  with  an  overhead  tube,  corresponding  to  the 
conveyor  trough  in  the  floor  of  the  tender.  The  conveyor  buckets  move 
along  the  trough  toward  the  right,  up  the  hollow  tube  at  that  end,  then 
back  along  the  overhead  horizontal  tube,  and  down  the  left-hand  hollow  tube 
of  the  system.  The  conveyor  buckets  therefore  travel  in  a  rectangle,  and 
elevate  coal  to  a  height  of  about  six  feet  above  the  receiving  grate.  When 
the  coal,  moved  along  by  the  buckets,  comes  to  the  center  of  the  over- 
head tube,  it  is  discharged  into  a  worm  conveyor  at  the  same  level,  which 
is  placed  fore  and  aft,  and  by  means  of  the  worm  the  coal  slowly  travels 
forward  toward  the  engine,  and  on  reaching  the  end  of  the  worm  con- 
veyor trough  it  drops  into  the  hopper  which  is  carried  on  the  back  head 
of  the  boiler. 

The  overhead  worm  conveyor  trough  is  carried  on  angle-iron  sup- 
ports, reaching,  in  arch  form,  from  the  top  of  the  water  legs  of  the  tank, 
and  additional  support  is  afforded  by  attachment  to  the  overhead  con- 
veyor tube.  There  is  no  connection  between  the  tender  equipment  and 
that  on  the  engine,  so  that  by  uncoupling  the  small  steam  pipes  and  other 
regular  connections  between  engine  and  tender,  the  tender  may  be  readily 
disconnected  from  the  engine.  The  worm  conveyor  trough  passes  in 
below  the  overhanging  roof  of  the  cab,  and  is  above  and  free  from  the 
Copper,  so  that  inequalities  oC  motion  of  engine  and  tender  do  not  disturb 

t\\e  constant   delivery  of  coal  from  the  tender   to  the   engine  while  the 

conveyor  mechanism  is  at  work. 

"The  motion  of  the  buckets  and  that  of  the  worm  in  the  longitudinal 

overhead  conveyor  is  produced  by  the  operation  of  a  small  twin  engine 
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with  cylinders  5  by  4  inches,  with  J4  cut-off;  the  piston  rods  are  fitted 
with  Scotch  yokes,  which  secure  the  rotation  of  the  gear  and  sprocket 
wheels  necessary  to  drive  the  mechanism.  The  engine  is  bolted  to  the 
right  upright  conveyor  tube,  and  steam  and  exhaust  pipes  are  earned 
through  the  floor  of  the  tender  and  connect  with  pipes  on  the  engine  by 
means  of  Moran  flexible  joints.  The  steam  driving  the  engine  is  taken 
from  the  outside  at  the  top  of  the  dome,  and  the  exhaust  connects  with 
the  blower  pipe,  and  waste  steam  is  discharged  up  the  stack  in  a  manner 
similar  to  that  of  the  air  pump.  The  carrying  of  coal  from  the  tender 
to  the  hopper  on  the  boiler  head  is  performed  by  this  small  engine  (see 
Fig.  14),  and  the  speed  of  the  conveyor  mechanism  and  the  speed  of 
delivery  may  be  regulated  according  to  work  the  engine  is  doing  at  any 
time.  Shutting  off  the  steam  supply  to  the  small  engine  stops  the  delivery 
of  coal. 

The  conveyors  and  small  engine  thus  perform  what  is  probably  the 
greater  part  of  the  physical  work  of  the  fireman,  and  as  such,  the  tender 
equipment  might  be  called  a  mechanical  coal  heaver,  while  the  task  of 
distributing  coal  to  the  fire  is  performed  by  the  engine  equipment,  and 
this  latter  constitutes  the  mechanical  stoker  proper. 

The  engine  equipment  consists  of  a  hopper  with  a  feed  tube  at  the 
bottom  by  means  of  which  coal  passes  through  the  fire  door.  There  is 
also  a  set  of  steam  nozzles  and  a  small  engine  for  operating  an  inter- 
mittent steam  blast  for  distributing  the  coal  over  the  fire.  In  order  to 
describe  this  arrangement  more  minutely,  it  may  be  said  that  the  hopper 
is  bolted  to  the  back  head  of  the  boiler  above  the  fire  door  and  has  an 
opening  of  18  by  34  inches  at  the  top.  The  hopper  is  25^  inches  deep 
and  has  an  opening  loyi  by  65/2  inches  at  the  bottom.  This  opening  is  con- 
trolled by  a  slide  operated  by  hand,  and  the  amount  of  coal  which  passes 
out  of  the  hopper  is  thus  regulated  at  will.  The  hopper  when  full  con- 
tains about  175  pounds  of  fine  coal,  which  is  the  kind  for  which  the  stoker 
is  designed. 

Immediately  below  the  hopper  is  the  fire  door,  modified  to  suit  con- 
ditions. The  door  contains  a  slightly  tapering  coal  passage  or  chute, 
set  at  an  angle  of  about  45  degrees.  The  function  of  this  passage,  which 
at  its  lower  end  is  6  by  12  inches,  is  to  permit  coal  from  the  hopper,  on 
the  back  boiler  head,  to  be  delivered  to  the  inside  of  the  fire  box.*  The 
door  is  not  connected  with  the  hopper  in  any  way,  and  when  the  slide 
at  the  base  of  the  hopper  is  closed  the  fire  door  can  be  opened  or  closed 
by  hand  quite  readily,  as  it  is  not  a  fixed  part  of  the  mechanical  stoker. 
The  coal,  after  it  passes  through  this  tapering  chute  in-  the  door,  is  de- 
livered on  the  door  flange  above  the  water  space  and  on  a  flat  table  5 
inches  wide  by  24  inches  long,  which  is  bqlted  to  the  inside  back  sheet 
of  the  fire  box.  The  fine  coal  thus  delivered  remains  heaped  on  the  table 
and  up  to  the  mouth  of  the  tapering  chute  in  the  door.  The  size  of  this 
loose  heap  may  be  altered  from  time  to  time  by  the  adjustment  of  the 
movable  plate  on  the  outside  and  upper  part  of  the  tapering  chute. 
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i 
Thus  far  the  coal  has  been  traced  from  the  tender  to  the  inside  of 
the  fire  box.    The  latter  part  of  this  journey,  that  from  hopper  to  what  ; 

may  be  called  the  operating  table,  has  been  accomplished  by  the  action 
of  gravity;  the  final  distribution  of  coal  over  the  grate  is  accomplished 
by  means  of  an  intermittent  steam  blast,  which  is  driven  out  flat  over  the 
table  from  five  radially  directed  nozzles.  The  blast  tmdermines  and  blows 
away  the  heap  of  coal  on  the  table,  and  in  the  interval,  before  the  suc- 
ceeding blast  of  steam  issues  forth,  the  coal  quickly  feeds  down  on  the 
table  and  makes  a  heap  as  before. 

The  mechanism  (see  Fig.  15)  by  which  the  intermittent  blast  for 
automatic  firing  is  produced,  consists  of  a  smaller  size  of  twin  engine 
than  that  used  on  the  tender,  but  similar  in  design.  This  engine  has 
cylinders  1^/2  by  V/i  inches,  and  the  rotation  of  a  small  shaft  which  it 
accomplishes,  turns  a  small  gear  wheel  placed  in  an  upright  position 
which  carries  on  its  face  a  striking  pin  with  a  beveled  end. 

The  striking  pin  is  attached  to  the  revolving  gear  wheel  and  is 
adjustable  in  a  guideway.  This  striking  pin  when  revolving  strikes  the 
beveled  end  of  a  bell  crank  lever  and  rocks  it  on  its  fulcrum  at  its  center. 
This  bell  crank  lever,  when  rocked,  lifts  a  small  auxiliary  valve  that  is 
seated  in  the  top  cap  of  the  blast  valve.  This  auxiliary  valve  has  a  stem 
on  it  that  extends  downward  through  the  piston  valve,  but  the  piston 
valve  works  freely  on  this  stem  and  is  not  attached  to  it.  The  idea  of 
extending  this  stem  into  the  piston  valve  is  to  keep  the  steam  pressure 
off  the  bottom  of  the  auxiliary  valve  so  that  the  auxiliary  valve  is  prac- 
tically a  balanced  valve  when  open. 

When  the  auxiliary  valve  is  lifted  it  opens  a  by-pass  port  leading 
from  the  main  steam  supply  to  top  of  piston  valve,  thus  equalizing  pres- 
sure on  top  head  of  piston,  allowing  it  to  move  downward  and  opening 
the  passage  to  blast  nozzles.  The  interior  cavity  of  this  piston  valve  is, 
when  in  use,  always  filled  with  steam  direct  from  the  boiler.  The  upper 
end  of  this  piston  valve  has  a  greater  area  than  its  lower  end,  and,  as  the 
valve  is  vertical,  it  is  normally  held  by  steam  pressure  at  the  upper  extrem- 
ity of  its  stroke.  In  this  position  the  valve  is  shut,  for  though  the  internal 
cavity  is  constantly  full  of  live  steam  it  can  not  escape.  The  opening  of 
this  valve  takes  place  only  while  the  bevel  faces  of  the  striking  pin  and 
lever  are  in  contact,  and  as  soon  as  the  striking  pin  on  the  rotating  wheel 
has  passed  beyond  the  lever,  the  internal  pressure  of  the  piston  valve 
and  the  action  of  the  coil  spring  at  the  end  of  the  lever  promptly  carry 
the  piston  valve  up,  and  so  shuts  off  the  flow  of  steam  to  the  nozzles. 

The  travel  of  the  piston  valve,  and  the  consequent  width  of  opening 
by  which  steam  enters  the  blast  pipe,  is  determined  by  the  adjustment 
of  the  striking  pin  on  the  small  rotating  wheel,  and  this  regulates  the 
volume  of  steam  which  gets  into  the  blast  pipe.  The  frequency  with 
which  the  steam  blasts  are  delivered  depends  upon  the  speed  at  which  the 
small  engine  is  run,  and  the  pressure  of  the  steam  depends  upon  the 
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amount  of  opening  of  the  hand  valve,  governing  the  flow  of  steam  to  the 
small  piston  valve. 

The  form  of  the  casting  from  which  the  jets  of  steam  issue  is  that 
of  a  hollow  angle  (see  Fig.  i6).  It  lies  flat  on  the  lower  lip  of  the  fire 
door.  It  is  practically  out  of  the  way  all  of  the  time,  and  does  not  inter- 
fere with  hand  firing.  A  hand  valve  below  each  of  the  five  blast  nozzles 
makes  it  possible  to  restrict  the  opening  or  shut  oflf  any  particular  nozzle, 
at  any  time.  The  intermittent  blast  passing  down  the  pipe  from  the  piston 
valve  naturally  subdivides  itself  and  issues  forth  from  the  nozzles,  which 
are  each  }i  by  li  inch.  The  heap  of  coal  lying  on  the  table  is  thus  blown 
off  and  distributed  over  the  grate.  The  nozzles  as  divergent,  the  outer 
two  blowing  the  coal  off  the  table  toward  the  two  back  corners  of  the 
fire  box.  The  next  two,  slightly  less  divergent,  blowing  the  coal  in  the 
direction  of  the  forward  corners,  while  the  center  one  is  directed  straight 
ahead.  The  effect  of  this  distribution,  when  all  the  adjustments  have  been 
made,  is  to  secure  approximately  an  even  spreading  or  sprinkling  of 
coal  over  the  grate  surface.  This  automatic  firing  is  constantly  main- 
tained at  short  regular  intervals,  small  amounts  of  coal  are  used  at  each 
discharge,  and  the  fire  door  is  not  opened.  A  peephole  in  the  door  enables 
the  fireman  to  see  what  is  going  on  in  the  fire  box. 

Wm.  Garstang,  Chairman, 
D.  F.  Crawford, 
J.  F.  Walsh, 
L.  R.  Johnson, 
George  S.  Hodgins, 

Committee. 
Indianapolis,  Ind.,  May  29,  1908. 
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Fig.  13. —  Engine  Equipped  with  Hayden  Stoker,  Erie  R.  R. 


Fig.  14.— -Hayden  Stoker,  Erie  R.  R.     Fire  Door  Open. 
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Fig.  15. —  Hayden  Stoker.    Fire  Door  Closed,  Erie  R.  R. 


Fig.   16. —  Tender  Conveyor;    Driving  Engine,  Grating  and    Trough. 
Hayden  Stoker,  Erie  R.  R. 
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Mr.  J.  F.  Walsh  (C.  &  O.  Ry.)  :  Mr.  President  and  Gentle- 
men, the  description  of  the  various  stokers  is  contained  in  the 
report.  It  is  entirely  unnecessary  for  me  to  read  it.  The  com- 
mittee, however,  begs  to  recommend  its  continuance,  with  the 
idea  that  it  may  follow  up  from  month  to  month  the  progress 
that  is  made  in  the  matter  of  mechanical  stoking.  Up  to  the 
present  moment  the  committee  has  nothing  much  more  definite 
to  advise  concerning  the  subject  than  has  just  been  read  from 
the  preface. 

The  President:  This  subject  is  now  open  for  discussion, 
gentlemen. 

Mr.  T.  H.  Curtis  (L.  &  N.  R.  R.)  :  Mr.  President,  I  have 
been  keeping  a  very  close  watch  on  mechanical  stokers,  hoping 
that  some  day  we  will  be  able  to  get  a  steam  stoker  that  will 
handle  the  coal.  Up  to  the  present  time  I  have  not  seen  a  stoker 
that  seems  to  me  to  fill  the  conditions,  and  I  have  very  little  to 
say  on  the  subject  at  this  time.  I  would  like  to  hear  from  some 
of  those  who  have  had  experience  with  stokers,  and  have  them 
state  what  they  are  doing  with  them  in  this  month  of  June. 

Mr.  G.  W.  Wildin  (N.  Y.N.  H.  &  H.  R.  R.)  :  Before  I  left 
the  Erie  Railroad  they  were  starting  to  experiment  with  a  stoker 
known  as  the  Black,  which  was  gotten  up  by  a  fireman  by  that 
name  on  that  road.  I  do  not  see  the  Black  stoker  mentioned  in 
this  report.  As  there  are  several  representatives  of  the  Erie 
Railroad  here,  I  would  be  glad  to  hear  from  them  as  to  how  the 
Black  stoker  performed. 

Mr.  John  Tonge  (M.  &  St.  L.  R.  R.)  :  Mr.  President,  I 
would  like  very  much  to  hear  something  about  the  stoker  if  there 
is  any  one  here  who  knows  about  it.  I  do  not  know  anything 
at  all  about  it,  but  I  want  to  find  out.  It  is  my  opinion  that  so 
far  as  the  stoker  goes  we  have  to  get  down  to  a  uniform  con- 
dition of  preparing  the  coal,  and  that  is  going  to  be  quite 
difficult  out  in  the  West ;  but  not  so  bad  here  in  the  East.  The 
next  thing  to  accomplish  is  to  get  a  stoker  that  will  be  satis- 
factory—  to  get  one  that  will  be  placed  on  the  tank,  one  of 
those  feed  machines  on  which  you  can  dump  your  coal.     You 
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must  have  that  kind  of  device  before  you  have  a  satis  factor}' 
stoker.    I  would  like  to  hear  from  some  of  the  stoker  men. 

Mr.  Walsh  :  Mr.  President,  it  is  pretty  well  known  that  the 
earliest  and  first  experiments  with  locomotive  stokers  were  made 
upon  the  Chesapeake  &  Ohio  Railway.  The  original  locomotive 
stoker  was  invented  by  one  of  our  engineers,  Mr.  J.  W.  Kincaid. 
The  original  stoker  was  worked  by  hand.  A  little  later  on  Mr. 
Kincaid  arranged  to  have  the  stoker  operated  by  steam.  The 
valve  motion,  however,  on  that  stoker  proved  to  be  delicate  and 
troublesome.  He  improved  that  later  on  and  made  quite  a  sub-  * 
stantial  mechanical  arrangement  of  it.  We  own  several  of  these 
stokers  at  the  present  time.  We  do  not  operate  any  of  them. 
In  order  that  the  reason  for  that  may  be  understood  I  will  explain 
that  when  the  stoker  was  first  invented  our  locomotives  were  all 
long  fire-box  locomotives.  Our  heaviest  locomotive  was  lOO  tons 
approximately  with  22  by  28-inch  cylinders.  We  found  it  next 
to  impossible  to  haul  the  full  tonnage  over  a  long  run  with  those 
engines,  and  make  a  successful  trip  with  the  full  tonnage  with 
one  man  firing  the  engine.  Those  engines  hauled  over  our  River 
division  about  4,000  tons.  The  Kincaid  stoker,  while  crude  at 
that  time,  did  good  work  on  those  engines.  We  also  used  it  to 
some  extent  on  our  heavy  long  fire-box  passenger  engines,  where 
it  also  did  good  work.  But  with  the  introduction  of  the  wide 
fire-box  engine  and  their  installation  on  those  long  and  heavy 
divisions,  and  the  transfer  of  the  long  fire-box  engine  to  short 
work,  so  far  as  we  are  concerned,  and  speaking  as  an  individual 
—  not  as  a  member  of  the  committee  on  stokers  —  the  necessity 
for  the  stoker  on  our  road  disappeared,  because  our  firemen  can- 
conveniently  fire  the  wide  fire-box  lOO-ton  22  by  28-inch  con- 
solidation engine  with  4,000  tons  of  freight  over  a  120-mile 
division.  So  that  is  the  reason  we  are  not  now  using  the  stokers 
that  we  own ;  and  so  far  as  my  judgment  goes  in  the  matter,  and 
as  applied  to  the  Chesapeake  &  Ohio  Railway,  we  do  not  think 
the  wide  fire-box  engines  need  a  locomotive  stoker. 

Mr.  Wildin  :  Mr.  Walsh  seems  to  feel  that  there  is  only 
one  essential  feature  for  a  stoker,  and  that  is  to  keep  up  steam. 
I  would  like  to  ask  if  he  has  discovered  no  economy  in  the  stoker  r. 
that  so  long  as  you  can  keep  up  steam  by  hand,  it  is  more  prefer-^ 


Digitized  by  VjOOQIC 


79 

able  to  do  it  that  way  than  to  use  the  stoker.  Is  it  not  a  fact 
that  if  you  use  the  stoker  you  have  less  harmful  influences  on 
the  flues  from  cold  air,  etc.  ? 

Mr.  Walsh  :  Well,  that  was  proved  out,  yes.  We  could 
operate  our  flues  longer  without  repairing  them,  without  rolling 
them.  With  regard  to  economy  in  coal  concerning  which  Mr. 
Wildin  has  asked,  we  showed  a  slight  economy  in  that;  but  we 
did  not  consider  that  either  of  those  things  were  of  sufficient 
importance  to  undertake  the  installation  of  stokers  in  a  general 
way. 

Mr.  Wildin:  You  consider,  then,  that  the  advantages  you 
gain  would  be  more  than  balanced  by  the  disadvantages  of  keep- 
ing up  your  stoker  repairs? 

Mr.  Walsh:  Exactly.  It  was  found  very  inconvenient  to 
take  care  of  the  stokers  at  terminals.  That  was  one  point.  As  a 
general  proposition  they  were  unpopular  with  the  firemen. 
Although  they  relieved  them  from  the  furnace  heat  and  all  that, 
they  were  still  unpopular.  There  appeared  to  be  a  wrong  idea 
concerning  what  was  proposed  to  be  accomplished  by  the  stoker, 
and,  all  things  considered,  with  the  transfer  of  the  long  fire-box 
engines,  as  I  remarked  a  few  moments  ago,  to  the  short  runs,  we 
did  not  think  there  were  advantages  enough  in  the  stoker  to 
perpetuate  it. 

Mr.  L.  R.  Pomeroy  :  Mr.  President,  I  would  like  to  ask  a 
question, —  if  a  stoker  operated  on  a  road  in  a  section  with  the 
coal  averaging  approximately  14,000  B.  T.  U.'s,  is  there  any 
assurance  that  such  a  stoker  would  be  as  valuable  in  other 
r^ons  where  the  coal  will  average,  say,  12,000  B.  T.  U.'s ;  or, 
in  other  words,  would  the  action  of  a  stoker  be  as  good,  say,  with 
Iowa  and  Illinois  as  with  Pocahontas  coal? 

Mr.  C.  a.  Seley  (C.  R.  I.  &  P.  Ry.)  :  I  think  the  stoker 
proposition-  is  one  of  the  most  difficult  things  to  work  out,  for 
the  reason  that  its  operation  can  not  be  entirely  mapped  out  by 
experiments  with  the  apparatus  except  in  service.  I  was 
impressed,  at  former  exhibits  of  stokers,  to  see  how  admirably 
the  coal  was  distributed  over  an  area  of  considerable  extent  by 
the  throwing  of  the  coal  by  the  machine  and  apparently  filling 


Digitized  by  VjOOQIC 


80 

the 'fire  box  perfectly  over  its  entire  surface.  As  a  matter  of 
fact,  however,  we  know  that  in  operation  the  coal  is  not  con- 
sumed in  that  way.  The  coal  is  not  burned  evenly  over  the 
entire  grate,  and  the  intelligence  of  the  fireman  is  necessary  in 
order  to  distribute  the  coal  to  those  portions  of  the  grate  where 
the  combustion  is  most  intense.  A  former  speaker  alluded  to  the 
damage  from  cold  air  entering  the  flues.  I  am  of  the  opinion 
that  unless  a  stoker  is  very  efficient  in  distributing  the  coal  over 
the  entire  grate  that  the  flues  will  be  damaged  ^more  by  air 
through  holes  in  the  fire,  than  from  air  entering  the  door. 

Mr.  Gaines  :  There  is  on  the  market  for  stationary  purposes 
and  heating  furnaces  underfeed  stokers,  and  they  claim  a  good 
many  advantages  for  them  both  in  the  way  of  doing  away  with 
the  handling  of  fuel,  but  also  in  the  more  perfect  combustion, 
due  to  the  gases  being  distilled  in  the  bed  and  then  passing  up 
through  the  incandescent  fuel.  I  believe  at  least  one  of  these 
companies  is  experimenting  with  an  apparatus  of  this  sort  for 
locomotives,  and  I  think  it  would  be  a  good  thing  if  our  com- 
mittee would  look  into  it ;  and  if  it  is  not  out  of  order,  I  would 
like  to  make  a  motion  that  the  present  committee  be  made  a 
standing  committee  on  stokers,  at  least  until  something  is  def- 
initely developed,  and  that  they  look  into  these  two  forms  of 
stoker. 

Mr.  Walsh:  As  that  motion  was  not  seconded,  I  would 
advise  the  gentleman  that  one  of  the  prominent  roads  in  the 
country  is  now  experimenting  with  an  underfeed  stoker,  and 
that  same  railroad  is  experimenting  also  with  a  door- feed  stoker ; 
the  object  being,  more  than  anything  else,  to  eliminate  smoke  at 
the  terminals  through  which  that  railroad  passes.  But,  as  there 
has  been  nothing  of  a  definite  nature  brought  out  concerning 
either  one  of  those  stokers,  it  was  thought  best  not  to  touch  at 
all  upon  them.  Replying  to  Mr.  Seley,  I  would  say  that  we  had 
absolutely  no  difficulty  whatever  in  distributing  the  coal  with  the 
Day-Kincaid  stoker  just  as  well  as  it  could  be  done  by  hand. 

The  PREsmENT :  Gentlemen,  it  seems  a  little  surprising  that 
stokers  should  be  unpopular  with  the  firemen;  however,  not 
more  surprising,.  I  presume,  than  that  injectors,  sight- feed  lubri- 
cators  and   all   of   the   modem   improvements   that   have  been 
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applied  to  locomotives  at  different  times,  proved  unpopular  at  the 
commencement.  The  engineers  and  everybody  else  condemned 
them  at  one  time,  and  they  had  to  grow  in  favor  by  evolution.  I 
presume  the  stokers  will  also  become  familiar  and  popular  in  the 
course  of  time. 

Mr.  E.  W.  Pratt  (C.  &  N.-W.  Ry.)  :  I  will  second  Mr. 
Gaines'  motion  that  this  committee  be  continued  in  order  to 
report  further  on  the  automatic  stoker,  and  if  there  is  any  one 
who  has  devices  of  that  kind  they  should  present  them  to  the 
committee  for  experimentation. 

The  President:  There  is  a  motion  before  the  house  that 
we  are  holding  for  action  later  on.  It  was  seconded  and  we  are 
just  waiting  for  the  proper  time  to  vote  on  it. 

Mr.  Bentley,  you  are  using  automatic  stokers,  I  understand. 

Mr.  Bentley  :  We  have  been  experimenting  with  automatic 
stokers  for  about  two  years,  but  we  have  comparatively  small 
engines  on  our  road  and  have  so  far  had  very  little  difficulty  in 
getting  all  the  firemen  we  require ;  it  has,  therefore,  not  been 
necessary  for  us  to  go  into  the  matter  very  extensively,  and  we 
are  holding  back  until  we  find  out  what  other  people  are  doing 
who  have  larger  engines.  We  have  tried  the  Strauss  and  Crosby 
stokers.  The  latter  machine  was  invented  and  brought  out  on 
our  road,  and,  like  everything  else  of  a  mechanical  nature,  it  is 
subject  to  failure  occasionally.  We  have  had  several  in  use 
about  eighteen  months,  and  they  do  the  work  in  a  fairly  satis- 
factory manner.  One  objection  we  had  to  it,  was  that  when  we 
were  working  the  locomotive  light,  the  stoker  had  to  be  taken 
out  and  hand  firing  resorted  to.  That  matter  has  been  largely 
overcome,  and  the  stoker  where  last  used  was  doing  fair  work. 

Mr.  C.  E.  Fuller  (Union  Pacific  R.  R.)  :  I  understand  that 
the  Erie  Railroad  has  made  a  very  extensive  test  of  the  stoker, 
and  feel  that  this  subject  is  one  that  should  be  fully  and  freely 
discussed  by  the  members  of  this  Association  who  are  in  a 
position  to  do  so.  I  would  like  to  have  Mr.  Rumney  tell  us  what 
results  he  has  obtained  from  the  use  of  the  stoker. 

Mr.  T.  Rumney  (Erie  R.  R.)  :    We  furnished  the  Automatic 
Stoker  Committee  with  all  the  information  we  had  in  regard  to 
M-6 
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stokers  and  gave  them  a  series  of  tests  which  we  had  made, 
covering  eighteen  trips,  but  I  do  not  see  any  mention  made  in  the 
report,  possibly  because  they  did  not  think  it  of  sufficient  impor- 
tance. 

The  Hayden  automatic  stoker  is  the  kind  that  we  use,  and 
it  certainly  throws  the  coal  satisfactorily,  but  it  has  not  shown 
any  economy  —  just  the  reverse.  It  shows  an  increase  in  con- 
sumption of  coal  on  the  east  and  west  bound  trips  of  15.7  per  cent, 
but  inasmuch  as  there  was  a  new  fireman  on  practically  every 
trip  who  could  not  be  conversant  with  the  operation  of  the 
stoker,  but  who  were  first-class  firemen,  a  reduction  in  economy 
was  not  to  be  expected. 

We  are  continuing  the  tests  of  the  stoker  and  are  constructing 
five  more,  and  have  also  arranged  so  that  there  will  be  no  hand 
feeding  necessary.  This  is  being  obtained  by  changes  in  the 
construction  of  the  tender  so  that  it  will  be  self- feeding  to  the 
hopper,  allowing  the  fireman  to  devote  his  whole  time  to  the 
operation  of  the  stoker. 

The  class  of  coal  we  have  arranged  to  use  is  everything  that 
passes  through  a  3-inch  screen.  We  expect  to  obtain  better 
results  than  in  the  past. 

The  division  upon  which  the  stoker  operates  is  140  miles  long, 
with  heavy  tonnage,  and  it  frequently  occurs  that  they  consume 
from  eighteen  to  twenty  tons  of  coal  on  the  trip. 

In  answer  to  Mr.  Pomeroy,  as  to  what  results  have  been 
obtained  with  ordinary  coal,  would  reply  that  we  have  used  coal 
with  10,500  B.  T.  U.'s  and  got  satisfactory  results,  but  the  coal 
we  propose  to  use  will  run  between  13,000  and  14,000  B.  T.  U.'s. 

I  have  some  figures  showing  the  fuel  used  per  ton-mile  per 
hour,  which  was,  with  the  stoker  .6494,  and  without  the  stoker 
•5609,  or  an  increase  in  consumption  with  the  stoker  of  15.7  per 
cent. 

Mr.  W.  C.  Squire:  I  would  like  to  ask  Mr.  Rumney  as  to 
the  personal  equation  of  the  firemen.  Is  it  not  possible  to  reduce 
the  15  per  cent  so  that  it  will  meet  the  personal  equation  of  the 
fireman  himself?  There  might  have  been  a  diflFerence  of  25  to 
30  per  cent,  which  is  not  unusual. 
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The  President:  Mr.  Wickhorst,  I  understand,  has  had 
experience  in  this  line. 

Mr.  M.  H.  Wickhorst  (C.  B.  &  Q.  R.  R.)  :  My  knowledge 
of  stokers  is  somewhat  out  of  date,  as  it  is  several  years  since  I 
have  made  any  tests  of  them.  We  tried  a  Day-Kincaid  stoker  in 
which  the  coal  was  fed-  by  means  of  a  steam-driven  ram,  and  we 
also  tried  a  Luckey  stoker  in  which  the  coal  was  fed  into  the 
fire  box  by  means  of  a  jet  of  steam.  Both  of  these  stokers  had 
deflector  plates  to  spread  the  coal.  They  were,  however,  only 
partially  successful.  I  have  had  an  idea  that  possibly  a  chain 
grate  could  be  devised,  but  the  difficulties  now  seem  to  be  insur- 
mountable both  as  regards  adaptation  to  a  locomotive  and  as 
regards  rates  of  combustion  per  square  foot.  Then  again, 
analyses  of  smoke  gases  have  shown  that  by  skilful  hand  firing 
combustion  is  almost  perfect,  and  this  would  argue  in  favor  df  a 
method  of  mechanical  stoking  which  simulates  hand  firing.  Our 
people  have  been  experimenting  with  a  Bamum  underfeed  stoker, 
but  as  yet  this  is  simply  in  the  experimental  state. 

Professor  Goss:  Mr.  Chairman,  and  Gentlemen:  My 
experience  with  the  locomotive  stoker,  like  that  of  Mr.  Wick- 
horst, is  rather  out  of  date.  A  few  years  ago,  however,  I  ran  a 
large  number  of  tests  upon  a  locomotive  when  fired  by  a  Day- 
Kincaid  stoker.  At  that  time,  I  gave  some  attention  to  the  whole 
problem  of  stoker  design.  I  soon  became  convinced  that  we 
expect  a  great  deal  of  the  stoker  designer  when  we  require  him 
to  produce  an  apparatus  which  can  be  moved  up  to  the  fire  door 
of  a  jiormal  locomotive  as  designed  for  hand  firing  and  expect 
it  to  do  the  work  of  a  formal  stoker  installation.  It  is  altogether 
likely  that  when  the  satisfactory  stoker  comes,  it  may  bring  with 
it  a  demand  for  changes  in  the  design  of  the  boiler.  For 
example,  the  success  of  the  Day-Kincaid  stoker,  and  others  of 
that  type,  would  have  been  much  more  readily  assured  if,  in 
applying  it  to  the  narrow  fire-box  boilers  there  had  been  a  supple- 
mental fire  door,  the  whole  arrangement  being  such  that  the 
stoker  could  have  its  own  fire  door,  located  a  little  below  the 
normal  door  lever.  A  deck  could  then  be  laid  above  the  stoker 
with  a  grating  in  it  through  which  coal  could  be  dropped.  By 
carrying  the  coal  high  on  the  tender,  it  would  require  little 
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handling;  it  would  simply  need  to  be  drawn  forward,  broken 
when  necessary  and  dropped  through  to  the  hopper  of  the  stoker. 
Above  the  deck  there  should  be  the  usual  door  for  hand  firing. 
Through  this  door,  the  fireman  would  at  all  times  have  a  chance 
to  reach  his  fire  without  the  necessity  of  backing  away  the  stoker 
or  of  interfering  with  it  in  any  way.  I  speak  of  this  merely  as 
an  illustration  of  the  sort  of  modification  in  boiler  design  which 
we  should  be  prepared  to  accept  if  we  desire  to  make  progress 
in  the  adoption  of  the  automatic  stoker.  As  has  been  said,  the 
mechanical  details  of  the  Day-Kincaid  stoker  were  not  entirely 
satisfactory,  but  it  should  not  be  forgotten  that  in  a  narrow  fire 
box  it  spread  the  coal  perfectly  and  that  its  capacity  exceeded  the 
requirements  of  the  largest  locomotive  of  the  present  day.  If 
the  locomotive  designer  could  have  met  the  stoker  designer  half 
way,  I  think  that  much  more  would  have  been  accomplished  by 
its  use. 

The  question  of  economy  from  the  use  of  a  stoker  is  entirely 
one  of  skill  and  attention  in  operation.  The  stoker  puts  the 
coal  into  the  fire  box  with  very  great  ease,  and  any  lack  of 
attention  on  the  part  of  the  fireman  will  lead  to  over-firing  and 
fuel  waste:  With  a  stoker,  however,  it  is  probable  that  given 
results  could  be  accomplished  by  use  of  a  lower  grade  of  fuel 
than  could  be  had  with  hand  firing. 

As  to  the  type  of  stoker  which  will  ultimately  come  into  use 
on  our  locomotives,  predictions  are  always  dangerous,  but  it 
seems  to  me  that  any  type  of  stokers  such  as  the  chain  grate, 
which  represent  a  long  continued  process,  will,  on  a  locomotive, 
be  confronted  with  a  great  many  difficulties.  The  conditions 
under  which  the  locomotive  performs  its  service- make  it  abso- 
lutely essential  that  a  stoker  be  capable  of  responding  to  rapidly 
varying  demands  upon  the  fire,  and  a  stokcfr  of  the  chain-grate 
type  will  not  so  respond.  It  is  here  that  the  automatic  shoveler 
of  the  Day-Kincaid  type  shows  its  worth.  By  the  use  of  such 
a  stoker,  a  light  fire  may  be  built  up  more  rapidly  and  with 
greater  certainty  than  can  be  done  by  hand  firing. 

Dr.  Angus  Sinclair:  Mr.  President  and  gejitlemen  of  the 
Association:  I  have  paid  considerable  attention  to  this  subject 
in  connection  with  combustion  in  locomotive  fire  boxes.    Away 
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back  when  they  were  experimenting  with'  various  kinds  of  fire 
boxes  for  burning  coal  an  invention  was  gotten  out  by  a  New 
York  railroad  man  for  burning  coal  smokelessly  on  a  movable 
grate.  There  was  some  difficulty  experienced  with  the  action  of 
the  grate  in  the  case  of  the  first  inventor,  but  others  took  the 
matter  up  to  some  extent,  and  experimented  with  the  movable 
grate,  as  an  automatic  stoker.  It  was  not  successfully  done, 
however,  and,  as  far  as  I  can  make  out,  the  influences  against  it 
were  strong  enough  to  have  it  thrown  aside.  The  firemen  have 
no  particular  use  for  it,  and  with  the  small  fire  boxes  in  use  at 
that  time,  there  was  really  no  urgent  necessity  for  an  automatic 
stoker. 

The  revival  of  the  sentiment  in  favor  of  automatic  stokers 
came  with  the  very  long  fire  boxes  that  were  almost  impracticable 
to  fire  with  the  scoop,  and  with  that  kind  of  fire  box,  the  auto- 
matic stoker  was  a  success.  Had  these  long  fire  boxes  been 
perpetuated  as  the  freight  fire  box  for  the  locomotives  of  Amer- 
ica, you  would  have  automatic  stokers  in  full  blast  to-day.  With' 
that  kind  of  fire  box  it  was  entirely  a  success,  and  much  more 
successful  than  the  hand  firing. 

When  you  went  to  the  wide  fire  box  Mr.  Walsh  speaks  about, 
the  fireman  became  superior  to  the  automatic  stoker,  and  as  long 
as  that  condition  exists  —  while  there  may  be  a  great  deal  of 
effort  to  make  successful  stokers  —  I  do  not  believe  there  will  be 
any  inclination  among  railroad  companies  to  patronize  them 
sufficiently  to  pay  for  the  work  done  in  getting  out  the  stokers. 

The  condition  of  the  art  at  present,  as  far  as  I  understand  it, 
is,  that  the  mechanical  stoker  came  up  to  be  suitable  for  a  certain 
fire  box,  that  fire  box  only,  and  then  another  form  of  fire  box 
came  in  and  the  mechanical  stoker  is  not  well  adapted  to  the  new 
form  of  fire  box,  but  the  fireman's  work  is  well  adapted  to  the 
new  form  of  fire  box,  so  the  consequence  is  that  there  is  not  an 
active  demand  any  more  for  an  automatic  stdcer. 

Mr.  Gaines:  I  will  take  exception  to  Mr.  Sinclair  in  the 
statement  he  makes  that  there  is  no  demand  for  an  automatic 
stoker.  I  believe  there  is  a  demand  in  this  way  —  that  the  limit 
of  a  fireman  has  been  reached  on  some  of  our  big  engines,  even 
with  wide  fire  boxes,  in  hot  weather.     On  a  i8o-mile  division, 
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with  a  wide  fire  box,  one  fireman  is  all  in  in  the  course  of  a  trip 
over  that  division  firing  one  of  these  engines.  I  believe  there  is 
a  field  for  the  automatic  stoker,  and  I  am  simply  waiting  for 
the  right  one  to  develop.  I  think  we  have  lost  sight  of  this  fact, 
as  some  of  us  who  have  spoken  here  have  done,  that  is,  that 
there  are  some  engines  that  can  not  be  fired  to  full  capacity  by 
hand  firing.  If  we  had  an  automatic  stoker  in  such  cases  we 
could  work  the  engine  to  its  maximum  power  and  we  could  go 
over  the  road  more  quickly,  and  pull  more  tonnage. 

Mr.  J.  F.  DeVoy  (C.  IM.  &  St.  P.  Ry.)  :  I  am  rather  inclined 
to  agree  with  Mr.  Sinclair.  I  do  not  say  there  is  not,  or  will 
not  be,  a  demand  for  a  mechanical  stoker,  but  it  appears  to  me 
and  has  appeared  to  me,  for  the  past  five  or  six  years,  that  if 
boiler  designers  would  give  more  attention  to  the  construction 
of  a  fire  box  that  results  could  be  obtained  which  would  meet  all 
requirements.  It  is  a  fact,  in  my  mind,  that  the  increased  capac- 
ity of  cars,  trains,  and  their  movements  can  be  met  by  a  fire 
box  having  a  grate  surface  not  exceeding  55  square  feet.  I 
think  it  is  a  positive  fact,  and  I  believe  my  opinion  is  shared  by 
a  great  many  men,  that  it  is  entirely  possible  for  a  man  to  fire 
that  size  of  fire  box,  when  an  engine  is  developing  its  maximum 
capacity  of,  say,  2,000  horse-power.  You  know  on  the  Mil- 
waukee road  4ve  were  very  much  criticized,  and  found  fault  with, 
for  insisting  on  the  narrow  fire  box ;  but  it  was  a  positive  fact 
that  we  obtained  as  good  and  economical  results  with  a  narrow 
fire  box,  as  with  a  wide  fire  box.  However,  we  believed  that 
there  was  a  point  between  the  narrow  and  the  wide  fire  box  in 
which  both  conditions  could  be  met.  We  believed  that  the 
depth  of  the  fire  box  had  more  to  do  than  any  other  thing,  and 
the  superintendent  of  motive  power  and  myself,  a  year  ago, 
argued  two  days  with  the  representatives  of  the  American 
Locomotive  Company  for  two  additional  inches  in  depth  of  fire 
box,  and  we  argued  long  enough  to  get  it.  Three  years  ago 
we  were  found  fault  with  when  we  said  that  a  depth  of  32  inches 
from  the  lower  side  of  the  throat  to  the  bottom  of  the  mud  ring 
could  be  obtained.  We  have  done  that  and  more  too,  and  it  has 
had  more  to  do  with  the  proper  combustion  than  anything  I 
know  of.     We  have  now  gone  from  the  narrow  fire  box  to  a 
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width  of  60  inches,  and  we  believe  that  a  width  of  60  inches  is  a 
proper  thing  for  burning  bituminous  coal,  and  as  I  said  in  the 
beginning,  while  it  may  be  going  back,  in  the  opinion  of  some  of 
our  members,  I  am  inclined  to  agree  with  Mr.  Sinclair's  remarks 
that  the  time  is  not  here  when  an  automatic  stoker  can  success- 
fully compete  with  a  properly  designed,  properly  hand-fired 
boiler. 

Mr.  J.  F.  Deems  (N.  Y.  C.  Lines)  :     I  want  to  emphasize 
what   Mr.   Gaines   has    said   and   disagree    radically    from   the     * 
remarks  of  Mr.  Sinclair  and  Mr.  DeVoy.    I  am  not  prepared  to     • 
say  that  the  stoker  is  here  —  in  fact  I  think  it  is  not  —  but  I 
certainly  feel  that  if  there  is  a  demand,  an  urgent  demand,  for      f 
any  one  thing  on  the  railroads  of  this  country  it  is  a  successful 
mechanical  stoker. 

We  heard  it  stated  on  the  floor  of  the  convention  the  other 
day  that  the  Mallet  compound  would  probably  be  looked  upon 
favorably  for  hauling  freight  trains  in  the  near  future,  and  with 
that  confronting  us,  or  even  without  that,  taking  the  heavy 
engines  we  have  in  service  to-day,  I  do  not  believe  there  is  any- 
thing, at  least  I  can  not  think  of  any  more  important  develop- 
ment to-day,  that  will  mean  as  much  to  the  railroads  of  the  coun-i 
try  than  a  successful  mechanical  stoker  for  locomotives. 

This   subject   is   surrounded   with   a   great   many   questions 
which  hardly  seem  necessary  to  be  brought  up  at  this  time,  but ' 
I  want  to  strongly  emphasize  what  Mr.  Gaines  has  said,  and  I 
believe  there  is  nothing  at  the  present  time  for  which  there  is 
such  a  crying  demand  as  for  a  mechanical  stoker. 

Prof.  H.  Wade  Hibbard  (Cornell  University)  :  Occasionally 
a  man  who  is  out  of  active  railroad  service  may  say  a  word  or 
two  that  a  man  in  active  railway  service  may  think  inadvisable 
to  be  said. 

The  thing  that  appeals  to  me  in  the  coming  of  the  mechanical 
stoker  is  the  human  side  of  it,  and  going  a  step  further,  I  think 
with  Mr.  Gaines,  heartily  approving  of  every  word  that  he  said, 
the  mechanical  stoker,  in  making  the  work  of  the  fireman  less 
laborious,  is  inevitably  going  to  make  the  fireman's  position  more 
attractive  to  the  brainy  young  fellows  from  the  public  schools 
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who  now  do  not  care  to  become  firemen,  because  they  say  it  is 
work  for  a  horse  and  not  for  a  human  being. 

The  conditions  in  firing  a  locomotive  boiler  are  diflferent 
from  the  conditions  in  the  stationary  boiler  room.  We  require 
as  firemen  for  locomotive  boilers  men  who  are  suited  for  pro- 
motion later  to  be  engineers,  and  if  we  expect  to  get  the  right 
sort  of  brainy,  responsible  fellows  for  engineers,  then  we  have 
got  to  get  these  brainy,  responsible  fellows  for  firemen,  and  to 
my  mind,  that  is  the  important  thing  in  the  coming  of  the 
mechanical  stoker,  that  it  will  make  the  position  of  the  fireman 
more  acceptable  to  the  class  of  men  the  railroads  want  as 
engineers  at  some  later  time. 

Mr.  Pomeroy  :  I  desire  to  say  a  word  following  the  sugges- 
tion of  Mr.  Gaines  in  connection  with  a  certain  class  of  2-8-0 
locomotives  under  test  on  a  mountain  grade  division  of  a  cer- 
tain western  road,  it  was  found  that  by  the  combustion  of  150 
pounds  of  coal  per  square  foot  of  grate  surface,  per  hour,  the 
maximum  tractive  force  could  be  carried  up  to  ten  miles  per 
hour,  but  owing  to  the  inability  or  physical  limitations  of  the 
fireman  to  shovel  more  than  7,600  pounds  of  coal  per  hour,  or 
about  13s  pounds  per  square  foot  of  grate  surface  per  hour,  the 
maximum  tractive  force  could  not  be  carried  beyond  seven  and 
one-half  miles  per  hour,  which  leads  me  to  the  point  which  I 
desire  to  make,  i.  e.,  that  inasmuch  as  in  some  sections  of  the 
country,  particularly  with  low  grade  fuel,  the  speed  limits  at 
maximum  tractive  force  of  the  large  locomotive  is  limited  by 
the  ability  of  the  firemen  and  not  by  the  design  of  the  engine 
per  se,  therefore  any  form  of  stoker  that  could  handle  even  one- 
third  of  the  required  amount  of  fuel  would  prove  a  good  invest- 
ment, because,  when  used,  it  would  make  it  possible  to  realize 
the  full  capacity  of  the  so-called  large  locomotive.  For  this 
reason  there  is  good  argument  for  the  stoker  and  we  should 
encourage  this  development  in  every  way  possible. 

Mr.  Vaughan  :  The  stoker  proposition  has  comparatively 
little  interest  for  us  on  account  of  the  fact  that  on  the  majority 
of  our  lines  the  grades  are  comparatively  short  and  the  weather 
is  cool,  and  the  fireman  is  consequently  not  very  heavily  taxed. 
We  have,  in  common  with  a  good  many  people,  tried  one  or  two 
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types  of  stokers,  and  the  men  have  objected  to  them  —  I  will 
not  say  objected  to  them  so  much  as  they  preferred  to  handle 
the  engine  without  them,  but  what  strikes  me  peculiar  in  this 
discussion  is  that  Mr.  Walsh  tells  us  he  has  had  a  stoker  which 
has  given  good  success,  and  which  he  has  used  for  a  couple 
of  years.  Mr.  Deems  and  Mr.  Gaines  say  there  is  a  crying 
need  for  a  stoker,  and  their  attitude  is  that  tiiey  are  ready  to  try 
a  stoker,  as  soon  as  a  successful  one  has  been  brought  out. 

I  would  ask  Mr.  Deems  and  Mr.  Gaines  if  they  have  given 
the  stokers  Mr.  Walsh  has  made  a  success  of,  a  fair  and  reason- 
able trial  ?  It  is  all  very  Avell  to  say  we  have  a  need  for  a  thing ; 
I  do  not  know  what  stoker  Mr.  Walsh  has  tried,  but  it  would 
appear  that  a  stoker  is  on  the  market  which  gives  good  results, 
and  if  that  is  so,  and  other  people  are  in  need  of  them,  why  not 
give  these  successful  stokers,  to  which  reference  has  been  made, 
a  trial  and  see  if  they  will  meet  conditiohs. 

I  have  a  feeling  about  the  stoker  matter  —  it  is  almost  a 
perennial  matter  with  us  now  —  that  while  it  may  have  certain 
advantages,  there  are  disadvantages  inherent  in  the  use  of  a 
mechanical  stoker,  at  any  rate  with  the  present  design  of  boiler, 
that  must  make  it  more  or  less  objectionable.  I  do  not  see  how 
a  man  is  going  to  obtain  an  absolutely  uniform  firing  over  long 
divisions,  and  meet  the  same  demands  of  firing  as  he  can  with 
hand  firing  and  I  do  not  see  how  a  man  whose  fire  gets  into  bad 
shape  can  get  it  into  good  shape  as  well  with  the  mechanical 
stoker  as  he  can  with  hand  firing.  Hand  firing  to  be  sure  is 
very  laborious  work,  but  it  means  a  good  deal  of  brain  power  to 
do  it  properly.  I  do  not  believe  any  one  will  deny  there  is  a 
good  deal  in  good  firing  and  that  much  of  the  excessive  amounts 
of  coal  burned  are  caused  by  men  firing  heavily  and  carelessly, 
and  if  more  attention  was  paid  to  firing  —  if  more  brain  power 
was  used  in  conjunction  with  the  physical  power  —  it  would  not 
be  so  laborious,  and  the  fireman  would  get  along  better. 

The  pr(^)osition  of  Dean  Goss  strikes  me  as  the  most  favor- 
able in  the  stoker  line,  that  is,  to  have  an  arrangement  that  would 
deliver  a  certain  proportion  of  the  coal,  and  supplement  that  by 
hand  firing.  If  an  apparatus  could  be  designed  reliable  enough 
to  give  us  a  portion  of  the  coal,  fed  automatically,  and  let  the 
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fireman  supplement  that  with  hand  firing,  he  would  have  a 
chance  to  employ  the  hand  firing  to  the  best  advantage,  where 
it  is  needed  most,  cover  up  bright  spots,  and  could  keep  the  fire 
in  good  condition  for  a  considerable  time.  Such  a  proposition 
might  be  a  good  one. 

We  have  all  had  experience  in  putting  any  appliance  on  an 
engine.  It  seems  as  if  you  could  absolutely  put  nothing  on  an 
engine  that  did  not  give  you  considerable  trouble  to  maintain  it. 
Everything  you  add  to  an  engine,  no  matter  what  it  is,  is  so 
much  additional  trouble.  Under  the  system  of  pooling  engines, 
and  the  amount  of  maintenance  that  our  American  engines  are 
receiving,  it  is  certain  that  the  addition  of  a  stoker  on  an  engine 
will  lead  to  more  roundhouse  work,  and  occasionally  to  failures, 
and  it  is  the  failures  that  condemn  most  devices. 

We  find,  as  a  rule  —  take,  for  instance,  the  matter  of  injectors 
—  that  where  a  device  has  real  merit,  and  you  get  one  or  two 
pretty  good  men  to  handle  such  a  device  for  a  year  or  two,  and 
they  are  successful  with  it,  that  the  men  very  generally  come  to 
like  it  and  approve  of  it.  Where  you  find  the  men  consistently 
and  continually  opposing  a  device,  there  is  nearly  always  a  reason 
for  it  which  you  have  not  got  on  to.  That  has  been  my  experi- 
ence in  many  cases.  Even  though  you  f)ut  appliances  on  your 
engines,  which  you  think  are  all  right,  and  even  though  you  get 
good  reports  of  their  service  from  your  Master  Mechanics,  yet 
if  your  men  dislike  them  and  object  to  them,  you  will  generally 
find  there  is  sufficient  ground  for  the  dislike,  and  I  think  the 
reason  for  the  objection  to  the  mechanical  stoker  is  that  it 
really  needs  a  certain  amount  of  hand  firing  to  keep  the  fire  in 
shape. 

Mr.  S.  M.  Vauclain  (Baldwin  Locomotive  Works)  :  I  have 
very  little  to  say  about  the  automatic  stoker.  We  have  been 
interested  in  it  ever  since  automatic  stokers  were  talked  about, 
and  believe  we  were  the  first  ones  to  become  interested  in  the 
matter  with  Mr.  Walsh  on  his  line,  and  we  assisted  in  some  of 
the  experiments  which  he  made. 

It  has  been  very  amusing,  and  also  very  instructive,  to  listen 
to  some  of  the  views  which  have  been  expressed  in  regard  to 
automatic   stokers  by  the  gentlemen  present.     I  do  not  think 
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that  any  of  them  need  worry  very  much,  judging  from  the 
particular  standpoint  which  they  took  in  discussing  the  subject. 
I  think  that  if  an  automatic  stoker  can  be  made  which  will 
properly  stoke  the  locomotive,  that  there  will  be  no  difficulty  in 
introducing  it,  and  it  will  not  only  be  sought  for  by  those  who 
have  charge  of  locomotives,  but  it  will  also  be  asked  for  by 
those  who  are  to  operate  them. 

So  far  as  getting  husky  firemen  for  the  future  is  concerned, 
inasmuch  as  we  may  have  to  rely  on  college-bred  men  to  do  our 
firing,  I  anticipate  not  the  slightest  trouble,  because  that  seems 
to  be  a  requisite  in  aiU  the  college  men  to-day,  to  be  husky,  and 
able  to  handle  things  of  that  kind.  In  fact,  I  think  the  young 
men  who  are  coming  along,  and  the  young  men  whom  we  can 
see  will  be  coming  in  the  future,  will  be  just  as  husky  as  the 
young  men  of  the  past,  and  in  addition  to  that  they  will  be  more 
intelligent.  Having  this  intelligence,  they  will,  of  course,  be 
called  upon  to  make  less  exertion  in  firing  the  same  quantity  of 
coal,  and  consequently,  in  the  case  of  larger  locomotives,  they 
will  be  able  to  fire  a  locomotive  with  the  same  or  less  exertion 
than  the  young  men  of  the  past  fired  their  smaller  locomotives. 

I  think  it  is  unwise  to  stop  experimenting  with  automatic 
stokers  for  locomotives  just  as  it  would  have  been  unwise  to  stop 
experimenting  with  automatic  stokers  and  movable  grates  for 
stationary  purposes.  The  problem,  however,  is  somewhat,  diffi- 
cult, and,  in  order  to  have  an  automatic  stoker  entirely  successful, 
it  would  appear  to  me  as  though  the  design  should  contemplate 
conducting  the  coal  from  the  tender  to  the  fire  box  without 
physical  labor.  So  long  as  physical  labor  must  be  employed  to 
place  the  coal  in  the  stoker,  and  look  after  the  many  peculiarities 
that  the  machine  itself  may  have  while  it  is  operative,  I  think 
we  will' continue  the  firing  of  our  locomotives  by  hand. 

Mr.  G.  R.  Henderson  :  I  was  not  here  during  the  early  part 
of  the  discussion  of  the  paper  on  stokers,  but  heard  some  of  the 
remarks  that  Mr.  Vauclain  has  made,  which  I  think  is  the  secret 
of  some  of  the  troubles  which  have  been  experienced  with 
automatic  stokers  in  the  past. 

There  is  no  question  that  the  automatic  stoker,  to  be  success- 
ful, must  handle  the  coal,  as  Mr.  Vauclain  suggested,  from  the 
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tender  into  the  stoker,  and  I  believe  there  are  some  stokers  in 
the  market  which  are  now  doing  that.  I  think  that  the  prin- 
cipal trouble  with  the  stoker  to  which  Mr.  Walsh  referred,  was 
the  management  of  the  company  organized  to  take  care  of  the 
stoker,  and  to  put  it  on  the  market.  It  has  had  an  unfortunate 
experience  in  connection  with  the  different  parties  who  handled 
the  stoker,  and  I  think  the  principal  trouble  has  been  on  account 
of  the  way  it  was  handled. 

As  to  the  need  of  the  stoker,  there  was  a  report  in  the  last 
number  of  the  American  Engineer  showing  the  operation  of  a 
Mallet  compound  on  the  Erie,  which  stated  that  the  maximum 
coal  consumption  was  50  pounds  of  coal  per  square  foot  of  grate 
per  hour,  an  average  of  5,000  pounds  of  coal  per  hour.  The 
report  showed  that  the  locomotive  went  up  the  hill  at  a  speed 
of  six  miles  an  hour.  That  is  the  greatest  advantage  that  the 
stoker  ever  presented.  As  to  the  capacity  of  a  fireman,  whether 
he  is  a  "  college  slugger  "  or  a  "  prize  fighter,*'  we  know  his 
capacity  is  about  6,000  pounds  of  coal  an  hour.  We  know  we 
can  burn  in  a  locomotive  200  pounds  of  coal  per  square  foot  of 
grate  area  per  hour,  and  certainly  100  pounds  of  eoal  per  square 
foot  of  grate  area  per  hour  is  not  exorbitant.  This  Mallet 
engine  only  burned  50  pounds  of  coal  per  square  foot  per  hour. 
It  IS  evident  that  the  fireman  could  not  get  more  into  it.  If  the 
engine  had  been  provided  with  some  kind  of  mechanical  stoker, 
which  would  have  supplied  it  with  all  the  fuel  it  could  have 
consumed,  it  would  have  gone  up  the  hill  at  twelve  miles  an 
hour  instead  of  six  and  it  would  have  accomplished  double  the 
work  for  the  same  time. 

The  President  :  Do  you  care  to  sum  up  the  argument,  Mr. 
Walsh? 

Mr.  Walsh:  No,  sir,  we  have  nothing  more  to  say.  We 
will  be  glad  to  serve  the  Association  and  report  the  results  as 
continued  investigation  goes  along. 

As  I  remarked  this  morning,  earlier,  there  are  two  or  three 
stokers  being  experimented  with  and  perhaps  in  the  course  of  a 
year  or  two,  we  can  get  considerable  intelligent  information  upon 
these,  and  very  interesting  information,  no  doubt,  but  I  do  not 
think  I  have  anything  more  to  say,  or  that  the  committee  has 


Digitized  by  VjOOQIC 


93 

anything  more  to  say.  I  am  sorry  that  the  chairman  of  the 
committee  is  not  here,  because  Mr.  Garstang  has  had  con- 
siderable experience  with  the  Day-Kincaid  stoker  on  his  own 
line. 

The  President  :  Gentlemen,  the  motion  before  the  house  is 
that  the  present  Committee  on  Mechanical  Stokers  shall  be  con- 
tinued and  made  a  standing  committee. 

The  motion  was  seconded  and  carried. 

The  President:  We  will  now  take  up  the  report  of  the 
committee  on  "  Blanks  for  Reporting  Work  on  Engines  Under- 
going Repairs,"  Mr.  Theodore  H.  Curtis,  chairman. 

Mr.  Curtis:  This  report  was  presented  to  the  Association 
once  before,  and  as  this  second  report  is  very  short,  I  will  again 
read  it. 

REPORT  OF  COMMITTEE  ON  BLANKS  FOR  REPORTING  WORK 
ON  ENGINES  UNDERGOING  REPAIRS. 

(supplement  to  report  submitted  at  JUNE,    ig07,   CONVENTION.) 

To  the  Members: 

The  Committee  on  Blanks  for  Reporting  Work  on  Engines '  Under- 
going Repairs,  which  reported  at  the  last  Convention,  was  continued  for 
the  purpose  of  submitting  additional  reports  showing  the  condition  of 
locomotives  in  service  in  addition  to  those  undergoing  repairs. 

We  submit  at  end  of  this  report,  Form  "  Elxhibit  G,"  which  we  believe 
covers  in  concise  form  the  additional  information  desired.  This  report 
should  be  made  monthly  by  the  Division  Master  Mechanics  to  the  Superin- 
tendent of  Motive  Power. 

The  daily  reports  referred  to  in  the  discussion  of  this  subject  at  the 
last  Convention  would  be  of  service  to  Division  Officials,  but  we  believe 
that  such  a  system  can  not  be  successfully  handled  by  the  General  Officers 
of  a  large  railroad  and  that  on  railroad  systems  owning  500  locomotives, 
or  more,  a  monthly  report  of  the  conditions  from  the  Division  Officials  is 
preferable  to  a  daily  report.  We  submit  this  report  as  a  supplement  to  the 
original  report  which,  for  convenience,  is  reprinted  as  a  part  of  this  report. 

When  your  committee  made  its  original  report  it  did  not  understand 
that  a   report   showing   Work   on   Engines    Undergoing   Repairs   should 
include  a  report  on  Condition  of  Engines  in  Service. 
Respectfully  submitted, 

Theo.  H.  Curtis, 

E.  W.  Pratt, 
C.  H.  Quereau, 

F.  W.  Lane, 

Committee. 
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REPORT  OF  COMMITTEE  ON  BLANKS  FOR  REPORTING  WORK 
ON  ENGINES  UNDERGOING  REPAIRS. 
(Submitted  at  Convention  of  1907.) 

To  the  Members: 

Your  committee  appointed  to  recommend  "  Blanks  for  Reporting 
Work  on  Engines  Undergoing  Repairs"  presumes  that  it  was  intended 
that  this  report  should  embrace  blanks  for  reporting  engines  which  are 
in  service  but  need  shopping,  and  blanks  for  reporting  work  done  on 
engines  which  have  undergone  repairs,  to  be  used  as  a  permanent  record. 
A  report  based  on  the  literal  reading  of  the  subject  assigned  would  seem 
of  little  value.  We  have  also  presumed  that  the  report  is  to  cover  shop 
repairs  and  not  running  repairs. 

Under  the  present  method  of  making  heavy  or  extensive  repairs  to 
engines  at  one  or  two  main  shops,  and  of  making  only  light  or  running 
repairs  at  the  small  division  shops  or  terminals,  and  of  running  engines 
out  of  terminals  in  either  direction  in  pool  service,  and  where  Division 
Master  Mechanics  have  no  regular  assignment  of  engines  and,  therefore, 
can  not  be  held  entirely  responsible  for  the  condition  of  engines  on  their 
respective  divisions,  the  most  important  and  essential  feature  in  connec- 
tion with  the  cost  of  "  Repairs  of  Locomotives  "  and  the  results  in  opera- 
tion is  that  of  obtaining  a  correct  and  accurate  report  of  the  condition 
of  engines  in  service,  that  they  may  be  sent  to  the  shops  best  equipped 
to  do  the  class  of  repairs  which  they  need,  and  that  the  condition  of  the 
engines  on  the  various  divisions  may  be  kept  consistent  with  the  service 
required. 

In  order  to  assign  engines  to  the  shops  intelligently,  an  accurate  report 
of  their  condition  and  a  comprehensive  classification  of  the  repairs  required 
is  necessary.  Your  committee  does  not  believe  that  the  "  Classification  of 
Locomotive  Repairs  "  as  recommended  by  the  committee  appointed  on  that 
subject,  and  which  reported  at  the  last  convention,  is  best  adapted  for  this 
purpose. 

The  operating  officials  in  all  departments  are  gradually  adopting  the 
use  of  the  classification  in  vogue  in  the  Motive  Power  Department  on 
their  respective  roads,  particularly  with  regard  to  engines  in  shop  for 
repairs,  and  the  classification  should,  therefore,  be  one  that  is  free  from 
complication  and  easily  understood.  In  addition  to  the  classification 
recommended  by  the  committee  at  the  last  convention  being  complicated, 
it  costs  considerably  more  to  make  repairs  in  some  cases  than  in  others, 
though  the  classification  is  the  same.  We  believe  the  most  practical  and 
comprehensive  classification  is  the  Unit  classification,  based  on  the  esti- 
mated cost  of  repairs,  and  have,  therefore,  used  it  in  connection  with  the 
blanks  recommended  in  this  report.  Lender  the  Unit  system  engines  requir- 
ing repairs  estimated  to  cost  $100  is  termed  class  "  i "  repairs ;  $500, 
class  "5''  repairs;    $800,  class  "8"  repairs;    $1,500,  class  "15"  repairs; 
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$3,000,  class  "30"  repairs,  etc.  We  also  consider  a  more  detailed  report 
than  the  mere  classification  number  (under  any  system  of  classification) 
is  necessary  in  order  to  intelligently  assign  engines  to  the  shops  for 
repairs. 

In  order  not  to  hold  engines  out  of  service  awaiting  room  in  the  main 
shop,  it  can  not  be  left  to  the  discretion  of  division  officials  to  forward 
engines  to  the  main  shop.  They  should  be  assigned  to  the  shops  by  the 
head  of  the  Mechanical  Department,  or  one  delegated  by  him  to  perform 
this  duty.  A  record  of  the  mileage  made  by  each  engine  between  shop- 
pings and  the  repairs  made  to  the  engines  at  previous  shoppings,  as  well 
as  accurate  reports  of  the  condition  of  engines  and  a  knowledge  of  the 
service  required  on  each  division,  is  essential  to  intelligently  make  shop 
assignments  and  secure  the  longest  and  best  possible  service  at  reasonable 
cost. 

Your  committee  obtained  from  the  heads  of  the  Mechanical  Depart- 
ments of  the  principal  roads  forms  in  use  for  this  purpose,  and,  after  a 
careful  analysis  of  the  subject  and  the  forms  submitted,  recommend  the 
use  of  the  following  blanks : 

1  (Exhibit  A).  Blank  showing  condition  in  detail  of  engines  which 
will  require  shopping  within  thirty  days.  This  report  is  in  duplicate  form 
and  that  part  pertaining  to  the  condition  of  the  engine  is  made  by  the 
Division  Master  Mechanic  where  the  engine  is  in  service  and  forwarded 
to  the  head  of  the  Mechanical  Department.  The  information  relative  to 
date,  place  and  class  of  repairs,  and  mileage  made  since  last  shopping  is 
inserted  in  the  Superintendent  of  Motive  Power's  office,  and  if  the  shop- 
ping is  approved  the  engine  is  ordered  to  such  shop  as  best  adapted  to 
do  the  work  required  and  at  such  time  as  it  can  be  relieved  and  space  can 
be  assigned  it  in  the  shop.  The  original  report  will,  at  that  time,  be  sent 
to  the  Master  Mechanic  or  Superintendent  of  shop  to  which  the  engine 
is  assigned  for  repairs,  and  the  duplicate  report  filed  in  the  office  of  the 
Superintendent  of  Motive  Power  as  a  permanent  record.  The  Master 
Mechanic  making  the  report  should  be  held  equally  responsible  with  the 
Master  Mechanic  making  the  repairs  for  failure  to  report  repairs  needed 
to  essential  parts,  if  they  are  not  made. 

2  (Exhibits  B  and  C).  Blank  (Exhibit  B)  is  a  weekly  report  to  be 
made  by  each  Master  Mechanic  to  the  head  of  the  Mechanical  Department, 
showing  "  Engines  Turned  Out  of  Shop,"  with  date  taken  in,  date  turned 
out,  and  class  of  repairs  made ;  "  Engines  in  Shop,"  with  date  taken  in, 
date  will  probably  be  turned  out,  class  of  repairs,  and,  if  waiting  on  mate- 
rial, the  items,  date  and  number  of  requisition  upon  which  it  is  ordered ; 
"Engines  Out  of  Service,  Waiting  Repairs  Account  No  Room  in  Shops," 
with  date  taken  out  of  service,  and  class  of  repairs  needed;  "Available 
Track  Room  in  Shop  for  More  Engines,"  with  number  of  additional 
engines  that  can  be  taken  in  shop. 

From  these  reports  a  very  concise  statement  (Exhibit  C)  can  be  com- 
piled to  be  submitted  to  the  heads  of  the  Operating  Department,  but  a 
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printed  form  is  not  desirable  for  this  statement  as  it  can  (on  account  of 
the  varying  number  of  engines  in  shop)  be  made  on  typewriter  in  more 
concise  form. 

3  (Exhibit  D).  Blank  showing  in  detail  repairs  made  to  the  various 
parts  of  engines^  dates  in  and  out  of  shop,  mileage  since  last  shopping, 
cost  of  repairs  (with  that  due  to  collision  and  accident  shown  separately), 

,and  other  general  information  which  is  of  interest  as  a  permanent  record. 

4  (Exhibit  E).  Blank  showing  in  detail  stay-bolt  test  and  fire-box 
inspection  and  renewal  of  stay  bolts.  This  blank  is  supplemental  to  blank 
Exhibit  D,  and  is  an  essential  record  which  can  not  practically  be  incor- 
porated in  blank  Exhibit  D. 

5  (Exhibit  F).  Blank  showing  continuous  shop  record,  mileage,  cost 
of  repairs  of  each  individual  engine.  This  is  a  permanent  record  for  use 
ih  the  Superintendent  of  Motive  Power's  office  and  the  information  is 
obtained  from  reports  made  on  blanks  Exhibit  D,  as  furnished  by  the 
various  Division  Master  Mechanics. 

.  All  of  the  foregoing  blanks  should  be  made  of  loose  leaf  form,  that 
they  may  be  bound  in  suitable  binders.  Blanks  A,  D,  E  and  F  should 
be  bound  with  engine  numbers  in  consecutive  order  and  each  fiscal  year 
in  separate  volumes.  Blanks  C  and  D  should  be  bound  in  order  of  date. 
Many  of  the  railroad  companies  submitted  numerous  blanks  used  by 
them  in  connection  with  shopping  and  repairs  to  engines,  but  we  believe 
that  a  complicated  system  of  nuinerous  reports  is  expensive  and  unde- 
sirable and  that  the  foregoing  blanks  are  sufficient  to  furnish  a  practicable 
and  permanent  record  of  work  done  on  engines  undergoing  repairs. 

Theo.  H.  Curtis  (Chairman), 

E.  W.  Pratt, 

C.    H.    QUEREAU, 

F.  W.  Lane, 

Committee, 
Chicacx),  Ilt^,  May  3,  1907. 
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A.  B  AND  C  RAILROAD  COMPANY. 

ENGINES  TAKEN   IN  SHOPS  WEEK  ENOINO  APRIL  27. 190T. 


Date  Win 

DateWUl 

fiiCbieNo. 

Date  Taken 
In. 

Probably  Re 
Turoed  Out. 

ClaMof 
Repain. 

Engine  No. 

Date  Taken 
In. 

Probably  Re 
Turned  Out. 

OaBBof 
Repairt. 

Shopa. 

• 

Shops. 

779 

April  8 

May    7 

15 

754 

April  26 

April  30 

1 

2061 

April  8 

May  17 

18 

446 

March  14 

May    4 

12 

S41 

April  20 

May  20 

18 

201 

April   24 

M»y  i 

3 

G42 

AprU   10 

May  10 

12 

Shop«». 

Shopa. 

273 

April    13 

April  30 

10- 

987 

March  27 

April  30 

20 

2028 

M»rrK  23 

April  30 

20' 

1068 

AprU   10 

April  30 

7 

no 

April    20 

April  30 

15 

718 

March  30 

Moy    2 

18 

nil 

April    m 

May    3 

4 

153 

AprU   22 

May    4 

5 

719 

Mnnli  23 

May    4 

•28 

1014 

AprU  21 

May    8 

7 

547 

April   24 

May    4 

,    12 

1065 

April   21 

May  11 

7 

137 

Apfii  m 

May    4 

26 

924 

April     4 

May  15 

22 

106 

April    30 

May    7 

ISO 

1003 

April     6 

May  15 

25 

400 

April      1 

May    8 

20 

109 

AprU  21 

May  10 

13 

2012 

April    27 

May  10 

15 

9S4 

AprU   19 

May  18 

20 

920 

April   n 

May  11 

23 

612 

April   19 

May  22 

20 

31 

AjvU    IS 

May  11 
May  11 

18 
33 

438 

AprU  26 

Mny  25 

22 

887 

343 

April     3 

May  11 

20 

. .  .    Rd.  House 

768 

April   26 
April   25 

May  14 
May  15 

15 
18 

724 

918 

April     a 

May  18 

40 

262 

April  22 

April  24 

1 

604 

April    20 

May  ,20 

35 

1162 

April  22 

AprU  25 

1 

806 

April    15 

May  20 

40 

416 

April  21 

April  26 

1 

133 

AprU  26 

April  29 

1 

Shopa. 

Shopc. 
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M^    1 
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58 
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April   19 

5 

607 
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21 

123 

April     5 

May    1 

8 

266 

April     8 

Ma^    7 

16 

330 

April  iA 

May    4 

5 

508 

April  20 

May    9 

18 

529 

April  24  * 

May    6 

5 

764 

April   12 

May  16 

19 

1 

April    5 
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20 

969 

April  23 

May  20 

17 
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1 
2 
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April  27 

1 

832 
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April   11 
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Mlireh23 
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May    3 
May    4 

3 

1 
10 

Shops. 

361 

129 

April  15 

May  15 

7 

2020 

AprU  22 

May    2 

6 

CNQINE8  TURNED  OUT  OF  SHOPS  WEEK  ENDING  APRIL  27«1907. 


.Shon.    41.226,64a 
.R.Hr  262.41(11162. 


Shopa.    116.118.627.774  879.  807.  1081. 
Sho|^   704.  870.  930.  l03l.  1062.  1067, 

OFFICE  OP  SUPT.  MOTIVE  POWER, 

April  29. 1907. 

EXHIBIT  "C." 


.Shopa.  543.900.2060. 

.Shopa.  442.2014.1088.1069. 

.Shopa.  68.2105. 

.Shopa.  606.712.718. 

.Sbopa.  960 


Supt,  Motive  Power 
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After  reading  the  report  Mr.  Curtis  said :  In  this  respect,  I 
wish  to  say  that  reporting  locomotives  is  largely  a  local  matter. 
Large  roads  can  not  use  the  same  system  that  small  roads  can 
use. 

In  looking  over  the  report  of  last  year,  I  will  say  in  reference 
to  Exhibit  A  that  this  report  should  be  made  and  sent  to  the 
Superintendent  of  Motive  Power  of  the  road  so  that  he  can  look 
over  the  report  and  know  the  condition  of  pbwer,  and  also  get  a 
detailed  statement  of  the  locomotives  which  have  been  shopped. 

On  Exhibit  B  there  is  a  blank  for  the  purpose  of  showing 
locomotives  turned  out  of  shops,  in  the  shops,  and  awaiting 
repairs. 

Exhibit  F,  part  i  and  part  2,  are  for  permanent  reports  of 
locomotives  that  have  undergone  repairs. 

Exhibit  E  is  for  reporting  stay  bolts. 

Exhibit  D  represents  a  report  that  is  made  up  from  several 
reports  obtained  from  different  railroads.  There  are  some  parts 
of  locomotives  which  are  not  enumerated  in  this  report.  How- 
ever, each  railroad  will  have  to  make  this  form  to  suit  the  parts 
on  its  locomotives. 

Exhibit  G  is  the  last  exhibit,  and  the  new  part  of  this  report 
is  a  monthly  report  for  the  different  divisions.  On  roads  having 
only  one  or  two  divisions,  this  report  can  be  eliminated. 

I  believe  I  voice  the  opinion  of  our  committee  in  saying  that 
in  presenting  these  reports,  we  feel  that  the  forms  given  here 
may  be  a  good  suggestion  to  a  road  desiring  to  make  a  change, 
or  to  establish  reports  of  this  kind.  However,  we  do  not  feel 
that  these  reports  or  forms  are  suitable  for  all  classes  of  rail- 
roads. 

The  President:  The  report  is  here  before  you  for  dis- 
cussion, gentlemen. 

Mr.  Gaines  :  I  raised  some  little  question  last  year  to  the 
report  blank  which  refers  to  the  daily  condition  of  engines,  and 
I  would  like  to  say  a  word  more  about  it.  I  have  been  on  a 
road  on  which  we  had  between  1,000  and  1,100  engines.  We 
found  it  absolutely  necessary  to  know  each  day  what  proportion 
of  the  engines  we  could  count  on  for  service,  so  that  if  a  con- 
gestion occurred  on  one  section,  and  needed  more  engines,  we 
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could  supply  these  engines.  Since  that  time  I  have  been  con- 
nected with  a  smaller  road  which  has  a  smaller  number  of 
engines,  and  I  find  my  daily  report  of  the  condition  of  the 
engines  a  very  important  document.  We  make  a  report  blank 
similar  to  that  of  Exhibit  B,  and  it  is  made  up  along  these  lines 
some  time  each  afternoon,  and  I  receive  it  the  next  morning. 
I  know  what  engines  have  been  shopped,  and  what  engines  are 
in  the  shop  for  light  repairs,  and  what  engines  have  been  turned 
out.  If  the  General  Manager  should  call  on  me  quickly  to  know 
if  I  can  spare  some  engines,  and  send  them  to  a  point  where 
there  is  a  congestion  I  am  able  to  size  up  the  situation  and  tell 
him  at  once  what  can  be  done.  I  do  not  see  how,  without  some 
report  of  this  kind,  you  are  going  to  give  information  to  the 
general  officers  regarding  the  condition  of  the  motive  power 
when  they  call  upon  you  for  such  information. 

Mr.  Curtis:  In  reply  to  Mr.  Gaines,  the  committee  feels 
that  reporting  the  daily  condition  of  locomotives  is  entirely  a 
division,  or  local,  matter.  The  Division  Master  Mechanics  on 
the  L.  &  N.  R.  R.  report  to  their  Division  Superintendents  each 
morning  the  number  of  available,  or  serviceable,  locomotives  at 
the  terminals,  and  if  any  are  at  the  terminals  unserviceable,  the 
probable  time  they  will  be  ready  for  service,  that  the  Division 
Superintendents  may  arrange  for  movement  of  trains  accord- 
ingly. A  telegraphic  report  of  these  conditions  is  made  by  the 
Division  Superintendents  to  the  Superintendent  of  Transporta- 
tion daily,  so  that  in  event  there  is  a  shortage  of  engines  on  one 
division  and  a  surplus  of  engines  on  another  division,  they  may 
be  transferred  accordingly.  We  do  not  consider  it  essential 
or  practicable  for  the  Superintendent  of  Motive  Power  to  be 
furnished  with  a  daily  report  showing  condition  of  all  engines 
on  the  road. 

Mr.  Wildin  :  I  hardly  think  we  will  ever  get  to  a  standard 
form  for  reporting  matters  of  this  kind  that  will  be  suitable  for 
all  roads.  I  also  feel  that  most  roads  are  covering  practically 
the  ground  covered  in  this  report  in  one  way  or  another.  The 
Superintendent  of  Motive  Power  or  Mechanical  Superintendent 
should  be  fully  advised  every  morning  as  to  the  whereabouts 
and  the  condition  of  his  power,  and  it  is  necessary  also  for  the 
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transportation  people  to  know.  When  a  freight  blockade  comes 
and  power  is  scarce,  the  first  man  jumped  on  is  the  Superin- 
fendent  of  Motive  Power.  I  believe  it  would  be  pretty  hard  to 
operate  a  railroad  where  there  is  heavy  traffic  without  the 
mechanical  officer  having  a  daily  report  showing  what  engines 
are  in  the  roundhouse  for  repairs  and  when  they  are  expected 
out.  With  this  knowledge  he  can  tell  whether  it  will  be  neces- 
sary to  shift  the  power  or  whether  he  can  supply  the  demand 
without  a  shift. 

The  President:    Is  there  anything  further  on  this  subject? 

Prof.  H.  Wade  Hibbard:  May  I  be  permitted  to  add  one 
radical  suggestion  in  matters  of  this  sort?  and  that  is,  the 
presentation  of  reports  in  graphical  form.  I  have  recently  heard 
that  one  of  our  important  locomotive  works  has  just  started  the 
practice  of  a  study  of  the  relations  of  certain  departments  to 
the  general  payroll  or  to  the  various  costs  of  manufacturing  its 
locomotives,  presenting  these  reports  and  studying  these  reports 
as  plotted  on  cross-section  paper, —  plotted  as  curves  or  black 
squares  on  a  checker  board,  or  black  bars  of  different  lengths  — 
there  are  a  dozen  different  ways  of  presenting  that  information 
graphically,  so  that  the  official  can,  at  a  glance,  see  the  situation 
and  compare  it  with  previous  situations,  and  also  that  by  looking 
at  this  graphical  presentation  of  the  information  he  can  appre- 
ciate the  true  bearings  of  that  information.  Figures,  particu- 
larly figures  of  digits,  are  not  so  clearly  pronounced.  I  believe 
that  the  advance  in  the  study  of  costs  and  conditions  of  equip- 
ment, machinery  and  so  on  which  has  been  made  in  certain 
lines  of  industries,  and  is  commencing  on  a  few  railroads,  is  the 
proper  sort  of  advance  and  that  in  a  few  years  from  now  we 
shall  see  those  reports  and  information  presented  in  graphical 
form  for  immediate  and  suitable  consideration  by  the  official 
who  needs  to  study  the  facts. 

Mr.  Walsh  :  In  line  with  what  was  said  by  Mr.  Curtis  as 
to  the  distribution  of  power  from  the  various  divisions  or  dis- 
tricts of  our  system  we  get  a  daily  report  regularly  showing 
locomotives  in  the  shops,  when  they  will  be  out;  in  the  round- 
house, when  they  will  be  out ;  cost  of  repairs,  etc.,  and  the  num- 
ber of  engines  awaiting  the  shop ;   but  as  to  the  distribution  of 
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power  upon  our  system,  the  Mechanical  Department  does  not 
enter  into  that  matter.  That  is  a  Transportation  Department 
matter  and  is  handled  by  the  General  Manager  and  the  Super- 
intendent of  Transportation.  So  when  it  comes  to  transferring 
engines  from  one  division  to  another,  the  Motive  Power  Depart- 
ment is  not  consulted  in  the  matter,  and  I  believe  that  is  the 
practice  quite  generally. 

Mr.  Wildin  :  I  do  not  think  this  applies  so  much  to  the 
transfer  of  power  from  one  division  to  another  as  it  does  to  the 
knowledge  that  you  have  power  for  the  individual  division  you 
are  trying  to  operate.  I  get  a  telegraphic  report  every  morning 
showing  just  what  engines  are  in  a  certain  roundhouse,  when 
they  went  in  and  when  they  are  expected  out.  That,  I  think,  is 
an  essential  report. 

The  President:  If  there  is  nothing  further  on  this  subject, 
I  will  ask  Mr.  Curtis  to  close. 

Mr.  Curtis  (L.  &  N.  R.  R.)  :  In  closing  the  discussion  on 
this  report  I  will  emphasize  what  I  said  before  that  I  think  the 
reports  are  largely  local;  and  in  reply  to  what  Mr.  Wildin  has 
said,  that  he  desires  to  know  what  engines  are  in  the  shop  for  a 
short  period  of  time  and  when  they  will  be  ready  for  service. 
That  is  well  enough;  but  I  think  all  mechanical  departments 
are  doing  all  they  can  to  get  the  engines  ready  for  service  and 
to  get  this  report  as  to  when  they  will  be  out  does  not  benefit  us 
ver\'  much,  as  they  will  be  out  as  soon  as  they  can ;  and  further- 
more on  a  railroad  lik^  the  C.  &  O.  or  the  L.  &  N.,  where  the 
locomotives  are  handled  by  the  General  Manager  and  the  Super- 
intendent of  Transportation,  there  is  but  little  for  the  Mechanical 
Department  to  do  in  knowing  the  exact  daily  condition  of  the 
locomotives.  However,  this  may  be  done  locally  to  good  advan- 
tage. 

The  President:  The  next  subject  is  the  Proper  Width  of 
Track  on  Curve  to  Secure  the  Best  Results  of  Engines  of  Differ- 
ent Lengths  of  Rigid  Wheel  Base.  Mr.  F.  M.  Whyte  not  being 
here  the  Secretary  will  read  his  report. 

The  Secretary:  I  have  the  following  letter  from  Mr. 
Whyte,  the  chairman  of  the  committee : 
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New  York,  June  9,  1908. 
Mr.  J.    W.    Taylor,  Secretary,  Master  Mechanics*  Association,  390  Old 
Colony  Building,  Chicago,  Illinois: 

Dear  Sir, —  The  committee  of  the  Master  Mechanics*  Association 
appointed  to  confer  with  a  committee  of  the  American  Railway  Engineer- 
ing and  Maintenance  of  Way  Association  concerning  the  widening  of 
gauge  of  track  at  curves  begs  to  report  progress  and  to  suggest  that  a 
committee  be  continued  to  represent  this  Association  in  the  joint  committee. 

Several  meetings  were  held  during  the  year  and  considerable  progress 
was  made,  but  there  remains  to  be  done  some  work  in  which  a  committee  of 
this  Association  can  be  of  assistance. 

Several  of  the  standards  of  this  Association  are  accepted  from  the 
standards  of  the  Master  Car  Builders*  Association,  and  it  is  found  that 
some  of  the  standards  which  are  under  discussion  by  the  joint  committee 
are  those  of  the  Master  Car  Builders,  as  shown  on  M.  C.  B.  Sheet  12,  and 
that,  therefore,  the  joint  committee  should  include  representatives  from  the 
Master  Car  Builders'  Association.  Correspondence  is  being  had  with  the 
Master  Car  Builders*  Association  suggesting  that  that  Association  appoint 
a  committee  to  represent  it  in  the  joint  committee. 

The  study  made  so  far  indicates  that  the  subject  is  an  important  one 
and  should  receive  the  attention  of  all  three  associations. 

Yours  truly,      F.  M.  Whyte. 

The  President  :  Gentlemen,  you  have  heard  the  report.  A 
motion  will  be  in  order  t6  receive  it  and  continue  the  committee. 

Mr.  J.  H.  SfexcHEL :  I  move  the  report  of  the  chairman  of 
the  committee  be  received  and  the  subject  continued  as  recom- 
mended. 

Motion  seconded. 

Mr.  J.  F.  Walsh  :    What  is  the  subject? 

The  Secretary:  The  proper  width  of  track  on  curves  to 
secure  best  results  from  engines  of  different  lengths  of  rigid 
wheel  base. 

Mr.  Walsh  :  I  would  move,  you,  Mr.  Chairman,  that  in 
addition  to  the  duties  assigned  to  this  committee,  it  be  instructed 
or  authorized  or  requested  to  investigate  and  report  with  the 
subject,  the  cause  of  locomotive  tender  derailments. 

Mr.  Setchel:  I  think  there  is  enough  in  the  subject  that 
Mr.  Walsh  has  spoken  of  to  have  a  committee  by  itself,  and  it 
should  not  be  referred  to  this  committee.    I  insist  on  my  motion. 
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Mr.  DeVoy  :    Was  the  motion  of  the  C.  &  O.  seconded? 

Mr.  Setchel:    Yes,  sir,  it  was. 

Mr.  Walsh:  If  I  did  not  mention  the  fact,  I  certainly 
intended  to  make  my  proposition  as  an  amendment  to  Mr. 
Setchel's  motion. 

The  PREsn)ENT:  Mr.  Walsh's  motion  is  in  the  form  of  an 
amendment  and  is  open  for  discussion. 

Mr.  Gaines  :  I  realize  as  well  as  Mr.  Walsh  the  importance 
of  the  question  of  tender  derailments,  and  I  do  not  want  to 
belittle  it  in  any  way.  I  think  it  is  fully  valuable  enough  to 
have  a  separate  committee  investigate  the  subject.  I  really  think 
it  would  be  better  not  to  tack  it  on  to  this  committee. 

Mr.  DeVoy  :  If  the  gentleman's  motion  is  in  order,  I  can  not 
understand  in  what  way  it  has  any  bearing  on  the  subject  under 
consideration.  I  believe  a  truck  can  be  designed  that  will  run  on 
a  rail  where  there  is  not  anything  left  but  a  streak  of  rust.  I 
do  not  believe  that  the  rail  has  anything  to  do  with  tender  derail- 
ments, and  I  say  that,  after  following  the  matter  up  for  three 
years,  that  we  have  a  truck  with  no  patents  on  it  at  all,  so  I  am 
not  selling  anything  [laughter],  that  can  be  made  to  run  on  any 
track.  And  the  question  of  track,  especially  in  the  western  coun- 
try, where  there  is  gumbo  soil,  or  in  the  Montanas  and  Dakotas, 
is  a  question  entirely  of  what  type  of  truck  you  put  on  the  track. 
There  are  trucks  which  I  have  seen  which,  in  my  own  opinion, 
would  not  b^  fit  to  run  on  the  New  York  Central  Lines,  let 
alone  some  of  the  tracks  that  we'  have  where  you  can  just  as 
easily  get  thrown  off  an  engine  as  not,  at,  say,  forty  miles  an 
hour.  To  my  mind,  the  matter  of  tender  derailments  is  a  matter 
of  trucks  and  not  rails. 

The  President:  Now,  gentlemen,  you  will  vote  on  the 
amendment  which  the  Secretary  will  read  in  order  that  you  will 
all  understand  it. 

The  Secretary:  Mr.  Setchel's  motion  was  that  the  report 
be  received  and  the  committee  continued.  That  was  seconded. 
Mr.  Walsh's  proposed  amendment  was,  that  in  addition  to  the 
duties  assigned  to  this  committee,  they  be  requested  to  investigate 
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and  report  to  this  Association  on  the  cause  of  tender  derailment. 
That  motion  was  also  seconded. 

Mr.  Wildin  :  I  do  not  believe  the  Secretary  has  got  this 
quite  clear.  Mr.  Setchel's  motion  was  to  continue  that  committee 
and  this  committee  was  to  act  jointly  with  the  American  Railway 
Engineering  and  Maintenance  of  Way  Association.  We  cer- 
tainly would  not  want  the  tender  question  to  go  before  that 
Association. 

The  President:  Gentlemen,  you  understand  the  subject. 
You  will  now  vote  on  the  amendment. 

Mr.  Walsh  :  I  did  not  know  that  this  committee  was  going 
to  act  with  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association.  If  that  is  the  case,  with  the  permission  of 
my  second,  I  will  withdraw  that  motion. 

The  President:  Gentlemen,  the  amendment  is  withdrawn, 
and  the  original  motion  is  before  you,  that  the  report  be  received 
and  the  committee  continued. 

Upon  a  vote  being  taken  the  motion  was  carried. 

The  Secretary  :  The  President  has  called  a  meeting  of  the 
Executive  Committee  at  the  Marlborough-BIenheim  to-night  at 
8  o'clock. 

The  President:  Gentlemen,  the  individual  paper  by  Mr. 
Lawrence  H.  Fry  on  "  Design  and  Strength  of  Crank  Axles  "  is 
not  ready,  and  we  have  substituted  a  paper  on  "  Fuel  Economy," 
by  Mr.  Willis  C.  Squire.  We  will  first  take  up  the  topical  dis- 
cussion. No.  2,  "  The  Smoke  Nuisance  —  What  Is  the  Best 
Method  of  Preventing  It?"  to  be  opened  by  Mr.  H.  T.  Bentley, 
then  Mr.  Squire  will  read  his  paper  in  that  connection. 

Mr.  Bentley  read  the  paper. 

TOPICAL  DISCUSSION  — THE  SMOKE  NUISANCE. 

Mr.  H.  T.  Bentley  (C.  &  N.-W.  Ry.) :  It  is  not  necessary 
for  me  to  tell  you  what  smoke  is,  or  to  say  how  very  disagreeable 
it  can  be  for  those  who  have  to  come  in  contact  with  it,  or  what 
damage  it  does.  Its  presence  in  quantities  at  the  stack  shows 
conclusively  that  combustion  in  fire  box  is  imperfect,  either  by 
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reason  of  poor  design  in  the  boiler,  poor  firing,  or  insufficient  air 
admitted  through  the  grates  to  furnish  oxygen  in  large  venough 
quantities  for  complete  combustion. 

I  am  not  prepared  to  furnish  any  new  specific  for  the  com- 
plete cure  of  smoke  troubles.  There  are  many  practical  diffi- 
culties in  the  way  of  consuming  smoke,  particularly  in  locomotive 
service,  but  they  are  not  always  altogether  insuperable ;  that  is  to 
say,  under  ordinary  conditions,  the  amount  of  smoke  emitted 
can  be  so  small  as  not  to  be  objectionable.  The  principle  involved 
is  that  of  mixing  air  with  the  combustible  vapor  and  gases 
generated  by  the  action  of  heat  on  the  fuel  so  that  by  a  proper 
supply  of  oxygen  being  furnished  they  may  l)e  made  to  bum  with 
flame  and  become  entirely  converted  into  combustible  and  invis- 
ible vapors  and  gases. 

Having  a  large  number  of  locomotives  working  in  and  around 
the  city  of  Chicago,  where  the  smoke  inspection  bureau  has  a 
staff  of  very  active  inspectors  always  on  the  lookout  for  violators 
of  the  smoke  ordinance,  we  have  tried  nearly  every  scheme  that 
has  been  suggested,  or  that  we  could  think  of,  having  a  man 
specially  qualified  to  watch  results. 

When  reporting  on  any  particular  device  we  have  invariably 
been  told  that  *'  It  is  a  good  thing  if  engine  is  properly  fired," 
which  brings  us  back  to  the  personal  equation ;  it  has  been  our 
experience  that  no  device  we  could  put  on  an  engine  would  do 
much  good  if  engine  was  improperly  fired. 

We  do  not  believe  that  it  is  possible  to  entirely  eliminate  all 
of  the  smoke  at  all  times  from  a  locomotive  burning  bituminous 
coal,  on  account  of  the  nature  of  the  service;  first  working  at 
full  stroke,  then  at  short  cut  off,  and  suddenly  being  shut  off 
entirely  on  account  of  being  stopped  by  a  signal,  just  as  enough 
coal  has  been  put  in  fire  box  to  take  the  train  up  a  grade  or  out 
of  the  way  of  a  quickly  following  train ;  but  we  do  say,  that  by 
careful  firing,  more  than  anything  else,  and  a  close  working 
understanding  between  engineer  and  fireman,  the  amount  of 
smoke  emitted  need  not  be  of  such  an  amount  as  to  be  open  to 
serious  criticism. 

We  have  used  so-called  smokeless  coal  with  fairly  good 
results,  but  it  is  not  entirely  free  from  smoke,  and  has  given  us 
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trouble  "in  other  directions.  Have  also  tried  coke,  which  is  free 
from  black  smoke,  but  the  fumes  emitted  are  very  objectionable. 

In  concluding  we  believe  the  smoke  nuisance  can  be  reduced 
to  a  minimum  by  the  following :  Cooperation  on  part  of  engine 
crew,  careful  firing,  the  use  of  a  brick  arch,  coal  properly  broken 
up,  engine  and  grate  area  of  sufficient  capacity  to  do  the  work 
required  without  crowding,  grate  openings  large  enough  to 
supply  the  proper  amount  of  air. 

I  have  read  in  some  of  the  Chicago  papers  that  several  of 
the  eastern  and  some  of  the  western  roads  have  some  new  scheme 
for  entirely  eliminating  black  smoke.  I  am  very  glad  to  hear  of 
it,  and  am  going  to  get  in  touch  with  the  roads  mentioned  so  as 
to  get  some  information  on  the  subject,  because  we  are  very 
anxious  to  cut  out  black  smoke  if  we  can.  They  tell  me  that 
they  are  so  well  satisfied  tliat  they  have  photographers  out  on  the 
road  taking  photographs  to  show  how  little  smoke  is  emitted. 

The  President:  Mr.  Squire,  if  you  will  come  forward  now 
we  would  like  to  have  you  read  your  paper. 

Mr.  W.  C.  Squire  (Old  Colony) :  Mr.  President,  this  paper 
on  "  Fuel  Economy  "  is  a  presentation  of  several  devices  that  have 
been  recently  developed  abroad  and  at  home  to  accomplish  just 
what  Mr.  Bentley  calls  for :  the  admission  of  the  proper  amount 
of  air  into  the  fire  box,  to  improve  and  complete  combustion. 
Necessarily  when  you  improve  or  perfect  combustion  you  reduce 
materially  the  amount  of  fuel  consumed  to  develop  the  same 
amount  of  work  with  your  engines.  The  paper  is  somewhat 
historical  in  its  dealing  with  the  subject  matter  in  that  it  touches 
generally  on  what  has  been  done  in  the  past  and  calls  particular 
attention  to  specific  developments  abroad,  comparing  them  with 
similar  devices  we  are  using  here  at  home. 

FUEL  ECONOMY. 

Some  Recent  Improvements  in  American  and  European  Locomotive 

Practice  for  Effecting  Improved  Combustion  and 

Smoke  Prevention. 

BY  w.  c.  squire. 

This  general  topic  has  been  discussed  in  some  of  its  many  and  varied 

phases  at  every  convention  of  the  Association  for  a  decade.    Our  annual 

proceedings  for  years  past  have  had  more  or  less  of  its  pages  filled  with 

valuable  technical  and  practical  data  bearing  on  this  subject,  all  tending 
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to  instruct  us  toMcnow  how  best  to  accomplish  the  desired  end,  viz. :  the 
conservation  into  useful  work  of  the  available  energy  in  B.  T.  U.  con- 
tained in  our  bituminous  coals. 

It  is  not  the  intention  in  this  paper  to  deal  with  the  technical  or 
theoretical  side  of  the  question  except  in  such  manner  as  may  be  neces- 
sary to  prove  a  point,  but  will  show  in  diagrams  and  illustrations  some 
of  the  recent  practical  methods  that  have  been  followed  to  solve  the 
problem  at  hand. 

It  is  conceded  that  the  greatest  amount  of  B.  T.  U.  is  transferred 
to  the  water,  when  the  combustion  is  perfect  and  the  rate  of  combustion 
is  relatively  low,  that  is,  when  the  product  of  combustion  is  practically 
all  C.  O2  carbon  dioxide,  and  there  is  present  in  the  outflowing  gases 
little  or  no  C.  O.  carbon  monoxide  or  black  smoke  interspersed  with 
cinders  or  unburned  coked  coal. 

The  committee  reports  on  front  end  arrangements,  draft  appliances, 
self-cleaning  front  ends  and  the  Pennsylvania  R.  R's.  locomotive  tests 
at  St.  Louis  on  coal  consumption  are  recognized  as  standards  for  prac- 
tical and  basic  law  as  regards  these  fundamental  parts  of  the  boiler. 
Much  of  this  committee  work  is  the  record  of  original  investigations 
made  at  great  expense  and  is  truly  worthy  of  our  highest  admiration 
because  of  the  unselfish  ardor  and  zeal  of  our  members  in  preparing  it 
for  our  use.  From  these  records  will  be  taken  such  data  as  may  be  needed, 
and,  with  the  practical  developments  of  to-day,  it  is  hoped  to  show  that 
there  is  a  practical  solution  of  the  problem  of  perfect  (smokeless)  com- 
bustion. 

From  personal  experience  dating  back  some  years  on  one  of  our 
western  railway  systems  there  is  gleaned  some  striking  coincidences 
in  practice  with  that  being  carried  on  abroad  during  the  same  period, 
and  also  in  various  parts  of  America.  The  late  C.  M.  Higginson,  investi- 
gating fuel  matters  on  the  Santa  Fe  System,  some  years  ago  contended 
for  the  proposition  that  smokeless  burning  of  fuel  in  stationary  or  loco- 
motive fire  boxes  could  only  be  accomplished  by  admission  of  a  requisite 
amount  of  air  into  the  fire  box  by  other  means  than  through  the  grates 
and  their  covering  of  burning  fuel. 

His  experiments  covered  a  wide  range  of  investigation,  using  numer- 
ous combinations  of  air  inlets,  perforated  brick  arches,  blowers,  checker- 
work  arches,  combustion  chambers,  etc.  Unfortunately  for  us,  Mr. 
Higginson  did  not  live  to  finish  his  investigation  and  his  work  was  not 
carried  on  to  completion  and  was  finally  dropped. 

From  this  particular  line  of  experiments,  as  well  as  many  others  of 
which  we  have  record,  we  see  a  similarity  in  the  efforts  made  to  accom- 
plish the  desired  end,  indicating  that  those  whose  attention  was  given 
to  this  subject  seemed  naturally  to  drift  to  the  same  general  solution. 
We  appear  to  have  advanced  in  all  these  investigations  until  that  period 
was  reached  which  promised  a  successful  issue  of  the  experiments :  here 


Digitized  by  VjOOQIC 


112 


either  funds  or  inclination  gave  out  and  the  results  wei>e  lost  except  to 
the  individuals  immediately  interested  in  the*  tests. 

For  twenty  years  and  more  the  larger  cities  of  the  world  have  been 
belaboring,  among  other  industries,  the  railroads,  trjring  to  force  them 
to  reduce  the  smoke  made  by  their  locomotives  running  within  the  cor- 
porate limits.  Drastic  laws  and  ordinances  have  been  enforced  by  special 
officials  and  by  other  means  to  the  end  that  the  roads  were  periodically 
forced  to  apply  good,  bad  and  indifferent  methods  to  prevent  prosecution 
by4aw  and  persecution  by  the  daily  press.  None  of  us  who  are  honest 
with  ourselves  but  will  acknowledge  that  the  great  clouds  of  smoke 
issuing  from  the  locomotive  stacks  were  a  nuisance  first,  last  and  always. 

Among  the  first  methods  tried  to  prevent  smoke  was  the  continuous 
use  of  the  blower  in  connection .  with  a  generous  fire  door  opening.  We 
also  instructed  the  fireman  to  fire  lightly  and  with  good  judgment  This 
was  followed  closely  by  the  injected  steam  and  air  into  the  fire  box, 
usually  over  the  top  of  fire  through  thimbles  perforating  the  water  leg. 
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then  came  the  single  scoop  and  double  scoop  methods.  These  devices 
and  methods  were  also  used  in  combination  with  plain  fire  arches  of 
various  kinds  and  makes. 

At  some  critical  period  in  the  recent  past,  our  operating  officials 
realized  that  the  coal  pile  was  one  of  the  largest  individual  items  of 
expense,  being  approximately  fifty  per  cent  of  locomotive  expense  for 
maintenance,  and  from  motives  of  economy,  we,  the  mechanical  officials, 
saw  the  necessity  of  reducing  the  cost  of  fuel  per  engine  or  train  mile. 
We  took  up  willingly  what  before  was  forced  upon  us  and  yet  we  did 
not  entirely  solve  the  problem.  Interests  outside  of  railroad,  but  with 
official  encouragement,  began  the  solving  of  the  problem  in  the  United 
States,    while   abroad   the   solution   was   in   the   hands   of  some   of   the 
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advanced  mechanical  officials.  Public  opinion,  government  supervision 
and  general  agitation  toward  forest  conservation,  reduction  of  floods 
and  other  natural  causes  led  to  the  serious  consideration  of  the  reduction 
of  fire  losses  caused  by  the  **  locomotive  sparks." 

The  way  to  prevent  sparking  is  either  to  burn  the  cinders  or  not 
n)ake  them.  This  latter  proposition  is  not  entirely  feasible  in  locoipotive 
practice,  as  the  heavy  intermittent  forced  draft  necessarily  raises  the 
smaller  particles  of  coal  from  the  grate  bed,  and  these  particles  are  carried 
with  the  gases  into  the  flues  and  out  of  the  stack. 

Our  self-cleaning  front  ends  and  the  means  we  have  generally  adopted, 
have  brought  about  a  condition  we  do  not  in  the  least  desire;  but  actual 
service  is  such  that  we  have  accepted  what  we  believe  to  be  inevitable 
and  the  result  is  that  we  have  in  general  use  locomotives  that  smoke  and 
throw  cinders. 

Tests  made  on  the  Purdue  testing  plant  and  later  on  the  Pennsylvania 
R.  R.  plant  at  St.  Louis,  in  1904,  have  shown  that  from  four  per  cent 
to  fifteen  per  cent  of  all  coal  burned  may  be  accounted  for  as  cinders 
and  sparks.  Thirty-three  per  cent  of  all  the  cinders  and  sparks  made 
were  retained  in  the  front  end,  ranging  as  high  as  sixty  per  cent.  From 
Prof.  Goss*  "Locomotive  Sparks,"  his  conclusions  are  that  spark  losses 
are  greatest  when  the  rate  of  combustion  is  the  highest  and  the  draft 
is  highest,  but  this  is  also  affected  by  the  character  of  the  exhaust.  In 
connection  with  narrow  fire  boxes  worked  to  maximum  capacity  the  spark 
losses  increase  to  twenty  per  cent.  Th^  character  of  coal  has  a  great 
deal  to  do  with  the  amount  of  sparks  produced,  a  light  and  friable  coal 
giving  the  greatest  percentage  of  sparks. 

The  Pennsylvania  R.  R.  tests,  however,  show  from  4  per  cent  to 
25  per  cent  of  coal  fired  accounted  for  as  sparks  *and  cinders.  The 
American  engines  tested  show  the  lowest  ratios  when  compared  with 
the  foreign  engines  tested  at  St.  Louis.  The  compound  engine  spark 
losses  are  away  below  those  obtained  from  single  expansion  engines  for 
total  sparks  thrown  and  caught. 

Thp  difference  between  the  American  and  foreign  engines  tested 
may  be  accounted  for  by  the  fact  that  our  American  engines  were  built 
for  American  coals  and  foreign  engines  built  for  foreign  coal. 

Mr.  Wm.  Garstang's  paper  presented  at  the  Western  Railway  Club 
on  "  Tests  of  Coal  for  Locomotive  "  give  results  obtained  from  five  kinds 
of  coal ;  three  tests  are  reported  for  each,  coal.  The  ratios  of  sparks 
to  coal  burned  vary  from  5  per  cent  to  23  per  cent,  and  strange  to  relate 
there  is  shown  but  a  small  difference  in  the  ratio  obtained  from  speeds 
of  30  and  50  M.  P.  H. 

It  can  be  taken  as  a  general  proposition  that  the  greatest  spark 
los^s  are  obtained  with  the  highest  rate  of  evaporation  per  foot  of  heat- 
ing surface  per  hour.  The  spark  losses  from  the  lignite  coals  of  the 
west  and  southwest  must  be  considerably  in  excess  of  all  the  results 
so  far  tabulated  and  recorded. 
M-8 
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From  the  Purdue  test  and  those  at  St.  Louis  it  is  seen  that  cinders 
and  sparks  have  from  75  per  cent  to  90  per  cent  the  heat  value  of  dry 
coal.  Three  and  one-fourth  per  cent  to  454  per  cent  of  the  contents 
of  sparks  is  volatile  matter,  and  from  18^  per  cent  to  32  per  cent  is 
ash.  These  results  are  obtained  with  Brazil,  Indiana,  coal,  and  was  deter- 
mined from  the  tests  made  on  the  Purdue  locomotive  testing  plant 

Prof.  Goss'  tests  also  show  that  the  fuel  value  of  a  unit  of  sparks 
and  cinders  increases  as  the  volume  discharged  increases,  and  that  the 
size  of  the  sparks  ejected  varies  with  the  total  amount  produced.  The 
greatest  amount  of  sparks  fall  in  an  area  lying  between  35  and  150  feet 
from  center  of  track,  and  concludes  that  the  possibility  of  fires  is  greatest 
in  these  limits;  local  conditions  he  claims,  due  to  air  currents,  may  have 
influenced  during  his  observations  the  non-lodgment  of  sparks  nearer  the 
track.  Beyond  125  feet  the  sparks  were  found  to  be  of  such  character 
as  to  preclude  any  possibility  of  their  setting  out  fires. 

More  fires  are  set  by  the  sparks  of  locomotives  in  seasons  of  drought 
than  at  any  other  time  of  the  year.  This  fact  is  generally  acknowledged, 
because  forest  and  prairie  fires  and  similar  conflagrations  occur  in  periods 
of  drought.  Fires  burning  along  the  right  of  way  are  noticeable  in  the 
fall  of  the  year,  showing  that  they  have  been  coincident  with  the  passing 
of  the  locomotive  as  the  fires  are  isolated  and  incipient  and  decidedly 
local.  The  carrying  capacity  of  sparks  is  not  dissimilar  to  that  of  brands 
from  burning  buildings.  At  night  these  sparks  can  be  seen  floating  away 
and  d3ring  out  while  suspended  in  the  atmosphere.  The  coal  used  has 
much  to  do  with  this  peculiarity,  and  sparks  from  lignites  seem  to  bum 
more  nearly  like  wood  sparks  than  those  from  any  other  coal.  Lignite 
sparks  when  thrown  from  the  stack  of  a  hard-working  engine  are  not 
dissimilar  to  the  so-called  flower  pot  of  set  piece  fireworks. 

While  we  are  discussing  the  conditions  at  home  the  European  rail- 
ways are  fighting  their  own  battles  in  their  own  way,  as  is  evidenced  by 
the  following  item  published  some  time  ago  and  is  taken  from  a  German 
periodical,  the  Zeiiung  des  Vereines  Deutscher  Eisenbahn  verwaltungen 
(Magasine  of  the  Society  of  German  Railway  Managements.)  "Preven- 
tion of  fires:  The  Prussian  Minister  for  Public  Works  has  directed 
by  an  order  issued  to  the  Royal  Railway  Managements  as  follows : 

"  The  numerous  fires  recently  caused  by  sparks  thrown  from  loco- 
motives have  been  called  to  my  attention,  and  I  direct  that  the  Royal  Rail- 
way Managements  shall  most  carefully  supervise  the  means  taken  for  the 
prevention  of  such  danger  from  fire.  While  I  have  to  acknowledge 
the  difficulties  which  tend  to  prevent  entirely  the  throwing  of  sparks  by 
locomotives,  especially  when  heavy  train  loads  are  hauled,  nevertheless  it 
will  be  possible  by  careful  enforcement  of  existing  rules  to  prevent  ignition 
in  particularly  dangerous  places,  such  as  occur  in  open  spaces,  or  in 
extensive  forests  and  in  the  vicinity  of  villages  and  towns,  etc.  I  again 
call  the  attention  to  orders  which  I  have  previously  given,  and  I  trust 
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that  the  Royal  Railway  Managements  will  fortify  themselves  by  taking 
prompt  and  eflScient  measures  to  prevent  fire  from  locomotive  sparks. 

"Rigid  inspections  during  the  existing  exceedingly  dry  season  must 
be  made  of  all  locomotives,  before  they  are  put  into  service  by  the 
Inspectors  in  charge,  to  whom  this  service  is  confided,  looking  espe- 
cially to  the  apparatus  for  prevention  of  sparking,  such  as  spark 
catchers,  and  must  see  that  ash  pan  dampers  are  provided  and  that 
they  are  in  good  working  order.  Drivers  and  firemen  are  especially  to 
be  directed  in  accordance  with  the  rules,  that  they  personally  give  super- 
vision to  these  points,  and  they  are  to  be  advised  that  the  strictest  fol- 
lowing of  the  service  regulations  for  locomotive  drivers  according  to 
Rule  27  of  the  Service  Instructions  are  to  be  enforced.  If  these  rules 
are  not  strictly  obeyed,  most  severe  discipline  will  follow  their  infrac- 
tioa  When  locomotives  throw  more  sparks  than  ordinarily,  it  is  the  duty 
of  all  railway  employees,  especially  the  engine  drivers,  to  report  same, 
immediately,  in  order  that  the  locomotive  may  be  rigidly  inspected. 
I  expect  from  the  inspectors  and  experts  the  most  careful  consideration 
and  execution  of  the  existing  rules  and  to  give  them  their  personal  atten- 
tion. After  four  weeks  from  date,  reports  are  to  be  made,  as  to  what 
special  measures  for  prevention  of  fires  should  be  made." 

In  July,  1904,  there  was  published  in  Germany  some  data  and  infor- 
mation on  locomotive  front  ends  relative  to  sparking  and  the  deleterious 
effects  of  the  self -cleaning  devices  on  draft. 

The  conclusions  arrived  at  in  this  article  confirm  those  of  Prof. 
Goss  as  regards  the  rate  at  which  cinders  and  sparks  are  made,  i.  e.,  the 
greater  the  rate  of  combustion,  the  greater  the  amotint  of  steam  made 
per  unit  of  heating  surface  and  the  greater  the  ratio  of  sparks  to  total 
coal  burned. 

The  actual  retaining  of  all  cinders  and  sparks  in  the  smoke  box  is 
deemed  impossible  and  impracticable,  and  objections  are  held  against 
the  introduction  of  baffles,  deflectors  and  netting,  as  they  reduce  materially 
the  draft  caused  by  the  exhaust.  The  writer  of  the  above  sagely  remarks 
that  "every  obstacle  placed  in  the  way  of  steam  generation  is  a  logical 
error,"  referring  more  particularly  to  the  reduction  of  draft  through  the 
flues  by  use  of  cinder  retaining  devices. 

It  is  stated  that  in  Germany  there  are  some  sixty  or  more  patents 
on  spark  arresters  alone.  They  only  effect  a  small  decrease  in  sparks 
ejected,  and  that  at  a  cost  of  the  effective  draft,  resulting  in  deficient 
steaming. 

Self -cleaning  front  ends  are  recognized  in  continental  European  prac- 
tice as  a  necessity,  owing  to  the  fact  that  their  expresses  and  high  speed 
locomotives  throw  out  such  volumes  of  sparks  that  they  must  be  ejected 
from  the  front  end,  otherwise  the  engines  will  not  steam. 

About  ten  years  ago  Mr.  Karl  Schleyder,  then  in  charge  of  motive 
power  on  the  Austria-Hungary  State  Railway,  urged  by  public  clamor 
and  more  particularly  by  government  regulations  and  rules,  commenced 
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a  series  of  experiments  with  brick  arches,  looking  toward  smoke  elimi- 
nation, reduction  of  cinders  ejected  from  the  stack  and  also  to  secure  as 
great  a  saving  in  fuel  consumption  as  possible.  From  single  arches  he 
went  to  a  scries  of  arches,  whose  function  was  to  force  the  oxygen, 
hydrocarbon  gases,  cinders,  etc.,  into  more  intimate  connection  with 
each  other  to  insure  their  mixture  and  consequent  combustion  before  they 
reached  the  flues. 

In  Figs.  I  to  8  will  be  found  some  diagramatic  outlines  of  the  mul- 
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Fig.  6. 
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tiple  arch  construction  that  were  tried  out.  The  investigations  demon- 
strated the  fact  that  if  the  gases  could  be  diverted  and  forced  through 
a  series  of  flame  ways  with  relatively  narrow  converging  openings  there 
was  better  combustion  than  if  the  flame  ways  were  diverging.  The  heat 
in  the  arches,  as  would  be  expected,  assists  materially  to  heat  the  oxygen 
and  other  gases  to  the  igniting  point,  besides  intimately  mixing  them  by  the 
longer  contact  with  the  arch  surfaces. 

Fig.  3  shows  a  variation  of  Fig.  2  where  arch  B  is  composed  of  a 
scries  of  hollow  brick  with  many  perforations  but  of  sufficient  cross  area 
to  permit  combustion  to  continue  while  gases  flow  through  the  apertures. 

Fig.  6  shows  an  arch  construction  similar  to  Fig.  3  for  a  long  fire 
box.  A  noticeable  feature  in  all  these  designs  is  that  the  highest  point 
in  top  arch  is  usually  coincident  with  the  center  line  of  boiler  and  that 
the  top  of  fire  door  is  also  close  to  or  coincident  with  the  center  line. 

With  all  the  arches  shown  it  was  found  that  if  a  relatively  large 
volume  of  air  was  admitted  into  the  fire  box  through  the  fire  door,  com- 
bustion was  improved.  In  some  of  the  designs  tried  out,  the  door  was 
composed  of  a  series  of  truncated  cone  of  steel  plate  placed  eccentrically 
so  that  the  openings  at  the  bottom  were  larger  than  at  the  top.    This  was 
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supposed  to  allow  more  air  to  flow  to  the  lower  portion  of  fire  box  than 
to  upper.  The  door,  however,  was  run  into  the  box  somewhat  beyond 
the  door  sheet  and  so  became  heated.  The  incoming  air  being  divided  into 
thin  layers  tpok  up  the  heat  in  passing  over  the  great  area  of  sheet  metal 
of  which  the  door  was  made.  That  the  air  did  become  heated  is  proven 
by  the  long  life  of  these  doors,  showing  the  air  took  up  the  heat  and 
prevented  burning  of  the  plates.  Another  door  was  made  of  a  large 
number  of  flues.    Their  general  construction  is  shown  in  Fig.  9. 
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Fig.  9. 

From  the  construction  of  the  type  of  arches  shown  in  Fig.  3  and  Fig. 
8,  the  design  of  arches  shown  in  Figs.  7  and  8  were  evolved.  Here  arch 
B  was  placed  below  main  arch  A  and  run  back  to  the  flue  sheet  To 
secure  a  better  circulation  of  gases  and  to  use  all  the  arch  surfaces,  the 
arch  B  was  perforated  and  a  portion  of  the  back  aperture  between  B 
and  A  was  closed  as  at  R 

The  next  logical  step  was  to  bring  in  air  from  outside  the  fire  box 
so  as  to  be  able  to  use  the  combustion  chamber  between  arches  A  and  B 
as  shown  in  Figs.  7  and  8.  To  accelerate  the  flow  of  air  into  the  fire 
box,  steam  blowers  were  placed  at  the  lower  end  of  the  inlet  pipes  to 
supply  air  when  engines  were  not  using  steam. 

This  evolution  brought  the  next  logical  step.  With  a  blower  to 
force  air  into  the  fire  box,  the  intake  pipe  could  be  continued  to  the 
front  end  and  connected  with  a  hopper  to  the  smoke  arch.  Therefore, 
cinders  finding  their  way  to  the  front  end  would  be  directed  to  the  hopper 
by  the  deflector  plate,  and  the  induced  current  in  the  pipe  R  which, 
having  a  less  pressure  than  that  in  the  smoke  box,  the  cinders  and  some 
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of  the  front  end  gases  would  be  returned  to  the  fire  box,  thence  into  the 
hollow  arch,  and  being  mixed  with  air  from  the  outside  taken  in  at  the 
lower  portion  of  the  intake  pipe,  a  two-fold  action  was  accomplished  — 
smoke  was  eliminated  by  admission  of  air,  and  cinders  were  returned  to 
the  fire  box  to  be  consumed. 

It  has  been  claimed  by  some  of  the  railroad  officials  using  this  device 
abroad  that  the  return  fiue  R  carried  all  the  black  smoke  and  as  well 
as  all  the  cinders  from  the  smoke  box  back  into  the  fire  box.  As  the 
area  of  the  return  flue  R  is  about  one-quarter  that  of  the  stack  and  one- 
twentieth  that  of  the  flues,  the  impossibility  of  the  proposition  is  apparent. 
There  is,  however,  no  doubt  about  the  cinders;  the  major  portion  arc 
returned  to  the  fire  box.  That  some  small  cinders  and  ash  are  ejected 
with  the  front  end  gases  there  can  be  n6  question. 

The  double  tubes  shown  in  Fig.  8  were  replaced  later  by  a  single 
tube.  Fig.  10.  It  was  early  demonstrated  that  the  injected  cylinders 
striking  the  bottom  of  the  arch  had  a  sand  blast  effect  on  the  brick,  cutting 
through  it  in  a  very  short  time.  Then  the  brick  immediately  above  the 
tube  was  replaced  by  a  cast  steel  or  cast-iron  baflle  plate,  arches  B  and 
C  were  discarded  and  arch  A  was  made  to  suit  the  conditions  of  the 
fire  box  and  fire-door  openings. 
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Fig.  13. 


Fig.  13- a. 
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Fig.  II  shows  the  complete  device  as  used  to-day  on  the  Austrian 
State  Railway.  Fig.  12  shows  the  application  to  a  modem  4-6-0  (ten- 
wheeled)  passenger  engine  in  use  on  one  of  our  important  eastern  rail- 
roads. 

Fig.  13  shows  in  a  diagrammatic  way  the  whole  device. 

To  prevent  the  intake  pipe  burning  out,  around  the  intake  pipe  are 
placed  the  cast-iron  rings,  Fig.  13-A.  These  rings  are  made  of  grate  stock 
cast  iron.  When  burned  they  are  turned  one-quarter- way  around  in 
about  every  four  to  six  weeks.  They  usually  bum  out  on  the  face  toward 
fire  door,  and  from  records  at  hand  they  have  lasted  from  three  to  six 
months  in  daily  service. 

Mr.  F.  Elbel,  General  Supt.  of  Railway  Construction,  in  an  article 
in  the  Railway  Workmen,  of  January  15,  1904,  speaking  of  arches  and 
their  effect  on  the  fire,  says:  ''It  is  quite  evident  that  the  greater  the 
resistance  offered  to  the  flame  gases  and  cinders,  and  the  longer  the  heat 
is  retained  in  the  fire  box,  the  more  advantageous  will  be  the  effects 
of  combustion,  consequently,  such  devices  must  result  in  more  complete 
combustion."  In  commenting  on  the  Schleyder  apparatus  Mr.  Elbel 
makes  the  remark :  "  I  will  state  that  the  (baffles)  fire  arches  are  not 
an  absolute  necessity  for  the  proper  working  of  the  apparatus.  The 
cleaning  of  flues  and  smoke  arch  is  entirely  eliminated,  being  cleaned 
automatically.  A  distinct  saving  in  fuel  results,  any  kind  of  coal  can  be 
used,  with  no  smoke  or  cinders,  and  engines  steam  freely. 

From  the  Table  A,  presented  herewith,  being  the  results  of  a  six  months' 
test,  there  is  shown  a  distinct  fuel  economy  of  I3j4  per  cent  and  a  dif- 
ference between  the  cinder  caught  in  smoke  box  for  that  period  of  11.25 
baskets  for  the  equipped  engine  to  237.75  baskets  for  the  non-equipped 
engine.  It  is  evident  from  these  figures  that  these  engines  do  not  have 
effective  self-cleaning  front  ends. 
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There  is  also  in  use  to-day  a  device  that  is  similar  in  many  respects 
to  the  device  just  described,  which  was  developed  in  New  Jersey,  but 
which  does  not  use  the  brick  arch,  claiming  it  to  be  unnecessary.  Ref- 
erence is  particularly  made  to  the  Parsons  device,  see  Figures  14,  15  and 
t6.  This  device  uses  two  intake  pipes,  called  heater  boxes,  placed  in  the 
back  corners  of  the  fire  box  and  terminating  in  two  flat  nozzles  with  long 
narrow  vents  so  constructed  as  to  approximately  converge  the  two  incom- 
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ing  jets  of  air  about  one-third  to  one-fourth  the  length  of  fire  box,  and 
also  to  direct  the  air  toward  the  lower  or  bottom  rows  of  flues.  The 
heater  boxes  are  protected  by  rings  of  fire  brick.  The  bottom  of  the 
heater  boxes  below  the  grate  are  connected  with  intake  pipes  terminating 
in  funnels  or  air  scoops  arranged  outside  the  wheels  as  shown  in  Figs. 
14,  IS  and  16. 

When  standing  at  stations  or  running  without  steam,  air  can  be 
forced  into  the  fire  box  by  means  of  steam  blower  pipes  placed  inside  the 
■  heater  boxes  as  shown.  As  stated  above  the  two  devices  are  similar  in 
general  design  in  that  air  is  taken  into  the  fire  box  through  tubes  opening 
out  into  the  atmosphere.  The  Parsons  uses  the  nozzles  to  direct  and 
divert  the  air  over  the  grates  and  coal,  and  depends  upon  the  difference 
in  pressure  in  fire  box  and  the  outside  air  to  force  the  air  into  fire  box 
when  running.  Standing  or  drifting,  the  blower  acts  the  same  as  in 
the  Schleyder  device.  The  Parsons  device  does  not  return  cinders  from 
the  front  end  or  smoke  box,  nor  does  it  use  the  arch.  The  use  of  two 
heater  boxes  at  the  back  end  of  the  fire  box  is  quite  similar  to  that  used 
by  Schleyder  in  his  arrangement  for  wood  fires,  see  Fig.  17.  In  this 
instance,  the  multiple  arch  is  shown  and  the  iritake  pipes  are  connected 
with  the  front  end  to  remove  the  cinders. 

Your  consideration  of  the  type  of  brick  arch  known  as  the  hollow 
arch,  or  the  Wade-Nicholson  arch,  is  now  desired.  This  arch  is  made 
up  of  hollow  arch  bricks,  receiving  air  from  the  outside  of  the  fire  box 
through  ferrules  perforating  the  water  legs. 

The  Wade-Nicholson  hollow  arch  is  the  result  of  some  years  of 
earnest  development.  The  nature  of  the  coal  and  the  type  and  dimen- 
sions of  fire  box  are  carefully  considered.  Air  is  admitted  to  the  hollow 
cores  in  the  arch  through  ferrules,  preferably  placed  in  the  side  sheets 
or  through  the  throat  sheets.  The  type  of  the  orifices  in  the  arches  arc 
shown  in  the  cuts.  Figs.  18,  19,  20  and  21.  Arches  are  either  supported 
on  water  tubes  or  studs. 

In  connection  with  the  hollow  main  arch  are  the  door  arches  shown 
in  Fig.  18,  air  being  admitted  over  the  door  through  two  2-inch  ferrules 
or  air  inlets;  the  main  air  arch  has  two  air  inlets  of  two  54 -inch  ferrules. 
Two  types  of  arches  for  long  fire  boxes  are  shown  in  Figs.  19  and  20, 
used  in  connection  with  the  crown  arches  placed  adjacent  to  the  crown 
sheet  and,  being  hollow,  the  air  is  admitted  through  the  ferrule  in  the 
side  sheets.  In  Fig.  19,  the  air  for  the  main  arch  is  taken  through  the 
throat  sheets,  and  in  Fig.  20  the  arch  is  set  back  18  inches  from  the  flue 
sheet.  This  space  is  bricked  in  on  top  of  the  grate.  This  is  a  very  shallow 
fire  box;  there  is  no  room  for  the  usual  construction  of  arch.  By  this 
construction  is  formed  the  combustion  chamber,  which  cuts  off  a  portion 
of  the  grate  area,  resulting  in  combination  with  the  crown  arch,  of  a 
very  efficient  arch  construction.  Air  is  admitted  to  the  arch  from  the 
ash  pan  in  this  particular  design. 

With  the  hollow  arches  just  described,  the  amount  of  air  admitted 
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to  the  fire  box  is  limited  by  the  areas  of  the  ferrules,  but  that  which  is 
admitted  is  heated  to  a  reasonably  high  degree  and  improved  combustion 
results,  which  results  are  known  to  be  greatly  in  excess  of  those  secured 
with  plain  arches.  Tests  made  by  disinterested  investigators  have  shown 
on  engines  equipped  with  the  hollow  arch  an  economy  approaching  20 
per  cent  over  similar  or  same  engines  without  the  arches. 

Plain  arches  are  conceded  to  give  an  economy  approximating  10 
per  cent  over  engines  without  arches.  But  plain  arches  have  had  their 
advocates  and  opponents,  who  have  fought  for  their  use  or  retention, 
as  their  dictates  led  them.  There  are  many  points  in  favor  of  their  use; 
there  are  strong  arguments  against  their  continuance. 

I  am  reliably  informed  that  similar  designs  of  arches  for  smoke 
preventions  were  in  use  in  Cincinnati  Yards  in  1884.  Leroy  Kells,  then 
located  at  Cincinnati,  used  hollow  arches  in  switching  engines.  His  results 
were  said  to  show  economy  in  coal  consumption  and  a  marked  reduction 
in  smoke.    I  have  not  been  able  to  secure  data^  on  these  tests. 

The  fact  remains,  however,  that  with  arches  from  10  per  cent  to  20 
per  cent  economy  is  possible,  and  where  the  cinders  are  also  returned 
to  the  fire  box,  there  is  an  opportunity  for  still  further  savings  in  fuel, 
and  not  the  least  of  the  benefits  derived  from  any  and  all  of  these  devices 
is  that  of  the  elimination  of  smoke.  Those  that  can  and  do  eliminate 
both  the  cinders  and  smoke  are  worthy  of  our  careful  study  and  con- 
sideration. 

[Applause.] 

Mr.  E.  W.  Pratt  (C.  &  N.-W.  Ry.)  :  Mr.  President,  the 
suggestion  was  made  at  the  Master  Car  Builders'  convention  — 
and  for  fear  that  it  should  not  hold  over,  I  would  like  to  repeat 
it  here,  that  papers,  particularly  individual  papers,  which  do  not 
require  the  meeting  of  committees,  be  prepared  and  printed  in 
sufficient  time  to  be- distributed  to  the  members  before  the  con- 
vention. 
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Mr.  a.  E.  Manchester  (C.  M.  &  St.  P.  Ry.)  :  Mr.  Presi- 
dent, the  question  of  smoke  prevention  is  one  that  we  have  with 
us  and  one  that  must  be  given  serious  consideration  whether  we 
like  to  do  so  or  not.  We  have  been  following  this  for  a  good 
many  years  and  have,  in  a  measure,  been  successful  in  prevent- 
ing smoke,  but  all  of  our  efforts  and  all  of  the  appliances  we 
have  been  able  to  use  in  connection  with  smoke  prevention  require 
a  large  amount  of  assistance  from  the  engineer  and  fireman  if 
proper  results  are  obtained.  I  believe  that  the  methods  referred 
to  in  the  paper  are  in  the  right  direction,  and  also  that  there  are 
other  methods  that  can  be  equally  well  employed.  Among  the 
methods  and  appliances  that  are  necessary  for  the  prevention  of 
smoke  are  that,  as  far  as  possible,  similar  coal,  and  coal  prepared 
in  about  the  same  way,  shall  be  delivered  to  a  certain  district  and 
to  one  class  of  men  in  order  that  they  may  become  familiar  with 
the  use  and  peculiarities  of  the  particular  coal.  The  injecting 
of  air  and  steam  in  jets  over  the  fire,  a  well  arranged  brick  arch 
and  a  strong  blower  arrangement  are  necessary  factors  in  smoke 
preventing  devices,  and  where,  with  a  heavy  fire,  a  locomotive 
is  shut  oflf  the  blower  arrangement  must  immediately  be  applied 
if  smoke  is  to.  be  prevented.  In  addition  to  the  city  inspection 
that  we  are  subjected  to  we  have  found  it  necessary,  as  explained 
by  Mr.  Bentley,  to  keep  a  man  constantly  in  the  field  looking  after 
the  emission  of  smoke  from  engines,  and  we  have  also  found  it 
necessary  to  give  the  man  a  good  deal  of  authority  in  the  matter 
of  his  power  over  the  enginefnen.  When  he  comes  to  an  engine 
and  finds  the  smoke  preventing  appliances  in  good  order  and  the 
engine  still  emitting  black  smoke,  he  decides  whether  the  engineer 
or  fireman  is  the  responsible  party  for  that  condition,  and  he 
takes  such  action  as  is  necessary,  even  up  to  a  long  suspension. 
I  had  the  question  of  the  necessity  for  our  getting  in  line  in 
this  matter  very  forcibly  impressed  upon  me  about  a  year  ago. 
A  gentleman  with  a  blue  suit  and  a  big  star  on  his  breast  walked 
into  my  office  and  served  a  warrant  on  me,  and  next  morning  I 
had  to  appear*  among  the  drunks  and  disorderlies  at  the  police 
court  [laughter]  to  answer  to  a  charge  of  smoke  emission  by 
one  of  the  locomotives  of  the  company  which  I  represent.  My 
plea  in  the  case  was  that  the  man  had  been  taken  out  of  the 
service  about  three  days  before  the  warrant  was  served.     That 
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appeased  the  wrath  of  the  court,  and  I  was  dismissed.  But  I 
still  believe  that  the  engineers  and  firemen  are  such  a  strong 
factor  in  the  success  of  any  smoke  preventing  device,  that  it  is 
necessary  they  should  give  all  the  assistance  possible  in  order  to 
get  results. 

Mr.  Gaines:  Mr.  President,  there  was  a  paper  read  —  I 
believe  it  was  before  the  American  Society  of  Mechanical 
Engineers  at  their  Detroit  meeting,  I  am  not  positive  about 
that,  but  at  any  rate  published  recently,  in  which  quite  an  exten- 
sive investigation  was  made  of  the  proper  combustion  of  soft 
coal  very  thoroughly  gone  into,  and  from  experiments  made  and 
also  from  the  Government's  report  on  the  same  matter,  the  indica- 
tions are  that  if  we  want  to  burn  soft  coal  without  making  smoke 
we  must  keep  our  gases  at  a  high  temperature  until  they  are  con- 
sumed. To  do  that  in  stationary  practice  they  have  advocated  a 
very  great  number  of  arches,  baffle  plates  and  things  of  that 
nature,  entirely  different  from  the  present  stationary  practice; 
and  I  believe  they  have  gotten  some  very  beneficial  results  along 
those  lines.  I  have  not  tried  the  Wade-Nicholson  arch  referred  to 
here,  but  that  seems  to  be  a  little  along  those  lines,  that  is,  keep- 
ing the  hot  gases  away  from  the  colder  sheets  in  contact  with  the 
water  until  thorough  combustion  takes  place. 

Mr.  Peter  H.  Peck  (C.  &  W.  I.  R.  R.)  :  Mr.  President,  I 
am  in  the  same  boat  with  Mr.  Manchester.  In  Chicago  it  is  al! 
terminal,  and  we  have  a  dozen  or  fifteen  smoke  inspectors  all 
the  time,  and  every  time  there  is  black  smoke  it  is  a  hundred 
dollars  per,  so  that  we  are  all  paying  attention  to  it  and  working 
on  it.  I  have  tried,  I  think,  every  kind  of  smoke  device  that 
was  ever  built.  The  last  I  tried  was  the  one  found  on  pages  19 
and  22  of  the  report,  and  is  the  one  referred  to  by  the  last 
speaker.  There  is  a  brick  arch  that  hangs  down  from  the  crown 
sheet.  I  think  the  North-Western  Road  has  also  experimented 
with  it.  It  is  the  best  I  have  tried  yet,  not  only  the  best  but  the 
cheapest.  To  install  that  in  an  engine  the  first  time  costs  only 
about  $12.  After  that  it  is  about  $3  an  arch,  and  the  arches 
probably  last,  the  top  one  about  four  months  and  the  bottom 
about  two  months.  I  have  tried  arches  in  every  conceivable  way. 
Some  side  sheets  in  my  old  boilers  look  like  porous  plasters. 
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They  have  holes  punched  in  all  of  them  for  combustion,  but  they 
are  still  there  and  they  are  still  smoking.     [Laughter.] 

The  President:  Mr.  Manning,  how  is  it  up  around  Sara- 
toga? 

Mr.  J.  H.  Manning  -(D,  &  H.  Co.)  :  We  are  using  anthra- 
cite coal,  I  am  pleased  to  say,  Mr.  President,  and  we  have  no 
trouble  with  smoke. 

The  President:  Is  there  any  further  discussion  on  this 
subject? 

Mr.  Angus  Sinclair  :  Mr.  President,  I  have  paid  consider- 
able attention  in  my  time  to  smoke  prevention.  I  have  found  out 
that  between  the  years  1856  and  1872  there  were  167  patented 
smoke-preventing  devices  in  Great  Britain  alone,  nearly  every 
one  of  them  being  guaranteed  to  do  what  is  claimed,  that  is,  to 
prevent  smoke  with  the  help  of  a  good  engineer  and  fireman. 
That  was  never  neglected. 

I  find  that  all  recent  inventions  for  smoke  prevention  have 
been  modifications  of  those  inventions  that  have  gone  before. 
Anyone  who  is  familiar  with  Holly's  "  Locomotive  Engineering  " 
or  Clark's  "  Railway  Machinery,"  can  find  out  everything  relat- 
ing to  smoke  prevention  that  is  likely  to  be  known  to-day.  There 
is  no  question  but  that  they  prevented  smoke  fairly,  not  very  well, 
not  entirely.  My  experience  in  the  British  Isles  and  on  the 
continent  of  Europe  is  that  the  smoke  that  rose  from  the  trains 
is  just  about  as  bad  as  it  is  on  the  lighter  worked  lines  in  this 
country.  They  have  come  to  acknowledge  that  a  certain  amount 
of  smoke  is  necessary.  If  it  is  very  bad  they  get  after  the  engine- 
men.  I  think  that  the  locomotive  departments  in  this  country 
will  have  to  settle  down  to  the  same  thing,  not  forgetting  to  keep 
after  the  men  who  cause  a  nuisance  from  smoke. 

I  might  say  that  among  the  great  number  of  patented  devices 
that  were  brought  out  in  Great  Britain  none  of  them  is  in  use 
today  except  the  brick  arch,  which,  by  the  way,  was  not  a 
patented  invention.  The  brick  arch  was  first  applied  by  Mr. 
Briggs  of  the  Boston  &  Providence  Railroad  and  it  was  adopted 
very  promptly  in  Europe,  and  was  the  most  successful  device  in 
smoke  prevention. 
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Mr.  J.  H.  Setchel  :  Mr.  President,  it  seems  to  me  that  the 
remedy  for  black  smoke  is  a  good  deal  like  the  remedy  for  many 
of  the  ills  that  human  flesh  is  heir  to,  and  the  remedies  always 
prescribed  by  the  doctors.  "  Rest,  perfect  quiet  for  about  a  week, 
do  not  eat  too  much,  and  I  think  you  will  be  all  right."  When 
we  have  to  cure  the  black  smoke  evil,  we  refer  directly  to  the 
engineer  and  fireman.  I  think  they  are  fully  as  important  a 
factor  in  the  matter  as  is  the  doctor  when  he  prescribes  rest,  and 
it  emphasizes  more  clearly  than  anything  has  what  my  friend 
Gaines  and  two  or  three  other  speakers  have  referred  to,  the 
necessity  of  a  mechanical  stoker.  Regularity  in  the  operation 
of  the  locomotive  ensures  the  absence  of  smoke  almost  absolutely. 

I  remember  a  number  of  years  ago  that  the  lamented  M.  N. 
Forney  in  speaking  in  this  convention  said  that  he  would  guar- 
antee that  if  you  painted  a  smoke  stack  sky  blue  it  would  prevent 
smoke  as  long  as  you  could  get  the  engineer  and  fireman  to  give 
special  attention  to  the  matter  [Laughter.]  I  believe  that  is 
true.  As  soon  as  the  engineer  and  fireman  cease  to  be  interested 
in  preventing  smoke  then  we  are  sure  to  have  smoke,  and  it  seems 
to  me  that  the  only  remedy  is  a  mechanical  stoker,  and  then  I 
am  not  sure  but  we  will  need  a  mechanical  man  to  attend  the 
stoker.  That  will  be  the  only  way  to  prevent  smoke.  I  notice 
what  has  been  referred  to  by  one  of  the  speakers,  that  some 
eastern  road  has  suddenly  discovered  that  there  is  a  remedy  for 
black  smoke,  and  that  is  the  engineers  and  firemen,  and  that  they 
propose  to  give  special  attention  to  it  hereafter.  If  they  will  only 
continue  to  do  that  I  think  they  will  be  all  right. 

Mr.  Curtis:  Mr.  President,  I  do  not  want  to  discourage 
anybody  about  the  mechanical  stoker  preventing  smoke,  but  I 
believe  that  the  mechanical  stokers  for  stationary  service  are 
perfected  to  a  reasonable  degree,  and  a  great  many  of  them  do 
not  make  much  smoke.  But  if  you  do  to  those  mechanical 
stokers  what  you  do  to  the  locomotive,  it  will  make  smoke,  and 
that  is  what  is  called  overcrowding  it.  I  think  a  great  many 
mechanical  men  in  this  room  have  often  selected  an  engineer 
and  fireman  to  take  the  Board  of  Directors  over  the  road  and  did 
not  have  any  smoke  that  day.  The  reason  was  that  the  engineer 
and  fireman  were  very  careful,  or  on  their  mettle,  that  day. 
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Also  the  engine  was  put  to  very  light  duty.  Had  that  Board  of 
Directors'  train  been  coupled  up  to  fourteen  or  fifteen  sleepers 
you  would  have  seen  smoke  from  the  engine.  I  do  not  know  of 
any  way  in  which  we  can  do  so  much  work  in  a  small  fire  box 
within  the  limitations  that  we  get  upon  a  standard  gauge  railroad 
and  with  the  high  capacity  locomotive,  without  having  smoke  at 
the  smoke  stack  when  we  are  doing  what  we  can  in  the  production 
of  power  in  proportion  to  the  size  of  the  plant. 

The  President:  Is  there  anything  further  on  this  subject, 
gentlemen?  If  not,  we  will  proceed  to  the  next  subject.  The 
next  subject  is  "  Alloy  Steel :  Results  from  Use  in  Machine  Tools 
and  Special  Cutters."  Mr.  J.  A.  Carney  being  absent,  the  Secre- 
tary will  read  his  paper. 

TOPICAL  DISCUSSION  — ALLOY  STEEL. 

Mr.  J.  A.  Carney  (C.  B.  &  Q.  Ry.)  :  Alloy  steel  is  com- 
monly known  as  "  high-speed  "  steel.  Some  five  years  ago  a 
specification  was  made  for  certain  lathes  which  gave  the  general 
dimensions  of  swing  and  length  between  centers  and  stipulated 
that  they  should  cut  50  feet  per  minute  with  J^-inch  feed  and 
J4-inch  depth  of  cut  in  medium  steel.  These  specifications  were 
submitted  to  machine  tool  makers  and  without  exception  came 
the  reply  that  such  tools  were  not  made.  To-day  tools  are  turned 
out  whose  principal  selling  point  is  the  fact  that  they  will  more  ' 
than  do  the  work  specified  five  years  ago.  So  much  for  the 
improvements  in  machine  tools  brought  about  by  the  introduction 
of  alloy  steel. 

The  ability  to  take  h^avy  cuts  at  three  to  four  times  the 
speed  used  with  tempering  steel  is  an  item  of  great  merit,  but  to 
my  mind  the  most  valuable  feature  is  the  steel's  ability  to  con- 
tinue at  work  almost  indefinitely  without  losing  its  cutting  edge. 
The  time  taken  removing  tools  which  have  lost  their  cutting  edge 
and  replacing  them  with  dressed  tools  is  dead  loss;  it  curtails 
output  and  prevents  maximum  efficiency  of  a  machine  and  is  a 
source  of  annoyance  to  the  machine  operator. 

Compared  with  tempering  steel  one-fourth  of  the  number  of 
tools  of  alloy  steel  are  a  more  than  ample  stock  because  of  their 
ability  to  stand  up  to  the  work.    In  one  case  250  pounds  of  tem- 
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pering  steel  was  replaced  with  six  pounds  of  alloy  steel.  The 
money  spent  on  dressing  tools  is  probably  not  one-tenth  of  what 
it  would  be  if  a  similar  output  were  undertaken  with  tempering 
steel. 

The  high  cost  has  made  it  unprofitable  to  use  alloy  steel  for 
heavy  milling  tools,  reamers,  cutters,  etc. ;  and  it  is  very  generally 
the  practice  to  use  teeth  of  alloy  steel  inserted  in  a  body  of  a 
material  much  cheaper  and  less  liable  to  fracture.  The  results 
are  good,  a  more  even  and  efficient  temper  can  be  obtained  on  a 
small  piece  than  on  a  large  and  bulky  one,  and  there  is  no  danger 
of  spoiling  the  body.  The  milling  cutter  with  inserted  alloy  steel 
teeth  has  brought  the  slab  milling  machine  to  its  present  state  of 
high  efficiency  and  on  many  operations* it  is  more  efficient  than 
a  planer. 

Drills  and  reamers  with  special  alloy  steel  inserted  cutters 
have  revolutionized  many  methods  of  finishing  engine  parts. 
Steel  bushings  2j4  inches  and  3  inches  in  diameter  bored  from  a 
solid  rod  can  be  made  cheaper  than  by  any  other  process.  Cored 
steel  castings  that  were  formerly  bored  out  on  a  lathe  or  boring 
mill  can  be  reamed  out  on  a  drill  press  with  a  special  cutter  for 
one-fourth  of  the  former  cost.  One  reamer  with  alloy-steel 
cutters  will  ream  a  hole  increasing  the  diameter  *J4  inch  in  oiie 
cut  where  four  cuts  are  necessary  with  tempering  steel.  In  a 
shop  which  formerly  spent  $75  a  month  on  repairs  to  reamers  the 
cost  has  been  reduced  to  less  than  $5  with  high-speed  reamers. 

It  is  needless  to  go  into  a  long  list  of  detailed  operations; 
they  are  to  be  found  in  every  shop,  and  if  we  are  a  little  slow 
catching  on,  some  of  our  good  friends  in  the  machine-tool  line 
will  show  us  the  error  of  our  ways. 

One  of  the  most  noticeable  improvements  on  some  classes 
of  machines  is  the  method  of  fastening  the  work,  brought  about 
entirely  by  the  use  of  alloy  steel.  This  is  particularly  true  on  the 
new  designs  of  driving-wheel  tire  lathes. 

Alloy  steel  is  particularly  valuable  in  finishing  brass,  and  a 
speed  of  from  200  to  375  feet  a  minute  can  be  maintained.  Sand 
in  the  casting  does  not  so  seriously  affect  the  cutting  edge  as  in 
tempering  steel.  These  results  are  impossible  with  tempering 
steel. 
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The  use  of  high-speed  steel  for  track  work  is  of  immense 
value.  There  is  no  shop  or  tool  dresser  with  a  section  gang,  and 
the  failure  of  a  drill  may  mean  the  loss  of  a  day's  work.  In  a 
recent  test  on  track  drills  a  special  make  of  tempered  steel  drilled 
47  holes.  15-16-inch  diameter,  5^-inch  deep,  and  had  to  be 
redressed.  A  high-speed  steel  drill  at  the  same  speed  and  feed 
drilled  308  holes  and  was  in  good  condition. 

Flue-beading  tools,  rivet  sets,  air-hammer  chisels,  etc.,  made 
of  alloy  steel  do  so  much  more  work  than  tools  made  of  tempered 
steel  that  they  are  an  economical  proposition.  Rivet  sets  should 
not  be  tempered.    The  heat  of  the  rivet  does  the  tempering. 

Plates  of  alloy  steel  have  been  successfully  brazed  to  pieces 
of  common  soft  steel  and  used  for  finishing  tools  on  tire  turning. 

It  would  be  almost  impossible,  to  tabulate  the  improvements 
made  and  the  costs  reduced  by  alloy  steel,  but  it  can  be  summed 
up  as  follows:  First,  Heavier  cuts  at  faster  speed;  second, 
Heavier  and  more  powerful  machine  tools ;  third,  Improved 
methods  of  fastening  work ;  fourth.  Use  of  inserted  tooth  cutters 
in  place  of  single  tools ;  fifth.  It  is  difficult  to  say  how  much  a 
reduction  in  cost  of  machine  work  can  be  attributed  to  alloy  steel, 
but  this  fact  is  apparent :  An  increase  in  machinists'  wages  of 
about  35  per  cent  in  the  past  six  or  seven  years  has  not  increased 
the  labor  cost  of  machine  work  and  in  many  cases  the  cost  has 
been  lessened  by  the  use  of  alloy  steel  and  machines  designed 
for  its  use. 

First  Vice-President  H.  H.  Vaughan  in  the  chair. 

The  Chairman  :  Gentlemen,  this  paper  is  now  open  for  dis- 
cussion.   Mr.  Henderson,  can  we  hear  from  you  on  the  subject? 

Mr.  Geo.  R.  Henderson:  I  do  not  think  I  have  anything 
special  to  say  on  this  subject,  Mr.  Chairman.  The  only  thing  I 
might  say  is  that  the  particular  point  in  connection  with  the  tool 
steel,  as  brought  out  in  this  paper,  is  the  enormous  increase  in  the 
size  and  capacity  of  the  machines.  My  attention  was  called  to 
that  two  months  ago  by  a  test  which  was  made  by  William 
Sellers  &  Co.,  of  a  couple  of  wheel  lathes  which  they  had 
built  for  the  M.  K.  &  T.  Railway.  There  were  a  number  of  new 
principles  involved  and  brought  out  in  connection  with  the  use 
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of  this  steel,  and  whereas  it  used  to  require  a  few  years  ago  ten 
hours  or  one  day  to  turn  a  pair  of  tires,  in  this  test  three  pairs  of 
tires  were  turned  up  in  one  hour,  which  is  a  pretty  good  showing. 
Of  course,  this  was  a  combination  of  high-speed  steel  and  very 
heavy  machine  built  for  the  purpose  of  getting  all  there  was 
out  of  it. 

President  Mcintosh  in  the  chair. 

The  President:  Gentlemen,  this  is  a  very  important  sub- 
ject and  I  hope  that  all  of  you  who  are  familiar  with  it  will  take 
part  in  the  discussion.  You  have  all  seen  more  or  less  of  the 
very  excellent  exhibit  of  machine  tools  in  this  pavilion  and  the 
wonderful  work  that  they  are  doing. 

Mr.  Gaines:  Recently  I  have  had  a  chance  to  try  a  little, 
although  not  as  much  as  I  would  like  to,  some  high-speed  steel 
with  vanadium  content.  The  tools  I  tried  were  in  connection 
with  pneumatic  tools,  caulking,  chipping  chisels,  things  of  that 
sort.  It  is  simply  wonderful  the  punishment  you  can  put  that 
steel  through  fof  that  purpose.  I  am  going,  later,  to  experiment 
with  it  in  machine  tools  to  see  if  I  can  get  as  good  results.  I 
would  like  to  hear  if  anyone  has  tried  the  high-speed  steel  with 
the  vanadium  content  in  it. 

Mr.  Vaughan  :  The  use  of  alloy  steel,  Mr.  President,  has 
practically  made  a  revolution  in  our  machine-shop  practice  in 
the  last  few  years.  That  is  a  fact  which  I  think  no  one  will 
deny.  Most  of  us  will  probably  remember  the  convention  of 
1901  when  the  representatives  of  the  Bethlehem  Steel  Company 
were  exhibiting  samples  of  chips  that  none  of  us  had  ever  seen 
before.  Since  that  the  use  of  alloy  steels  has  progressed  until 
to-day  they  are,  I  suppose,  used  in  practically  every  railroad 
shop  as  well  as  other  manufacturing  establishments.  In  getting 
records  to-day  of  what  can  be  done  it  is  more  a  question  of  the 
class  of  machinery  that  our  shops  are  equipped  with  than  of  the 
composition  of  the  steel.  Our  experience  has  generally  been 
that  it  is  necessary  to  use  a  certain  amount  of  caution  against 
too  much  crowding  with  these  high-speed  steels.  We  are  liable 
to  waste  more  money  tearing  tools  to  pieces  of  the  older  type 
than  the  increased  output  pays  for.     Perhaps  from  one  point  of 
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view  it  would  be  better  to  tear  them  to  pieces  and  replace  them 
with  others,  but  it  is  not  always  easy  to  get  money  from  the 
management  to  replace  tools  that  are  only  a  few  years  old  and 
which  will  give  us  pretty  good  service.  In  our  selection  of 
high-speed  steel  we  have  found  it  advantageous  to  pay  a  good 
deal  of  attention  to  the  strength  of  the  steel.  There  appears  to 
be  a  variation  between  the  compositions  of  the  steels  offered  by 
the  various  makers,  although  a  majority  of  them  seem  to  me  to 
give  fairly  reasonable  results.  It  is  also  difficult  to  choose 
between  one  steel  and  another  on  tests,  but  we  do  find  that  some 
steels  are  very  much  more  friable  than  others,  and  it  is  rather  a 
hard  thing  to  clean  up  a  dollar's  worth  of  high-speed  steel  in  a 
cut  just  because  you  are  using  a  brittle  steel.  We  found  con- 
siderable  advantage  from  making  a  series  of  tests,  taking  a  num- 
ber of  different  makes  of  high-speed  steels  and  selecting  those 
which  appeared  to  break  the  least  or  to  be  liable  to  fracture  the 
least.  Another  thing  which  wt  have  done,  which  I  think  is  a 
good  plan,  is  to  limit  the  number  of  high-speed  steels  we  use  to 
a  certain  quantity.  Our  standard  is  to  use  only  three  steels,  and 
while  we  have,  of  course,  had  a  good  deal  of  difficulty  in  keeping 
down  to  that,  we  have  done  so  for  the  last  year  or  two  simply 
to  have  everybody  familiar  with  the  standard  grades  of  steel, 
and  not  handle  ten  or  fifteen  different  kinds  of  tool  steel  through 
the  tempering  room.  I  would  certainly  concur  with  Mr.  Carney 
as  to  the  wonderful  wear  that  these  steels  give  us  when  properly 
handled  and  taken  care  of.  Our  wear  with  high-speed  steel  is 
ven-  smalt,  considerably  less  than  it  used  to  be,  I  believe,  with 
carbon  tool  steel  in  the  older  days,  and  on  drills,  not  only  one 
but  several  makes  of  high-speed  drills,  we  have  found  we  could 
drill  about  a  thousand  feet  of  metal  per  inch  of  drill,  which  is 
certainly  a  wonderful  record  for  a  material  that  will  drill  at  the 
speed  which  the  high-speed  steel  does.  I  feel  that  the  steel 
people  almost  can  take  a  rest  at  the  present  time.  It  is  up  to 
our  equipment  to  catch  up  with  the  steels  in  many  cases.  Those 
of  us  who  have  the  most  modern  tools  can  make  good  use  of 
them:  but  in  the  older  tools  we  are  running  up  to  the  capacity 
of  the  tool,  and  it  means  a  large  expense  in  the  future  in  tools 
and  machinery  to  keep  up  with  the  present  advance  in  alloy  steel. 
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Mr.  C.  D.  Young  j(Penna.  Lines)  :  In  answer  to  Mr.  Gaines' 
question  as  to  high-speed  steel  that  is  in  use  with  vanadium,  I 
might  say  that  about  a  year  and  a  half  ago  we  started  to  try 
vanadium  high-speed  steel  and  got  excellent  results  from  it.  I 
think  the  steel  that  we  got  contained  about  .30  of  vanadium, 
about  .7  of  chromium  and  about  .18  of  tungsten.  So  in  this 
combination  vanadium  is  the  prevailing  *  alloy.  This  steel  is 
cited  in  Mr.  Taylor's  paper  read  before  th^  American  Society  of 
Mechanical  Engineers  in  December,  1907,  in  which  paper,  I  think, 
Mr.  Taylor  thoroughly  covered  the  high-speed  steel  question  up 
to  the  time  of  his  paper.  We  have  been  using  this  alloy  steel  on 
cast  iron,  manganese  steel,  on  high  carbon  steel  and  some  on 
brass ;  but  not  on  bronze,  as  it  has  not  given  good  service  on  this 
metal.  We  have  been  able  to  turn  out  thirteen  pairs  of  truck 
wheels  with  vanadium  tools  without  regrinding,  and  have  aver- 
aged about  eleven  pairs  of  wheels  per  tool.  These  wheels  were 
turned  out  on  a  36-inch  truck  wheel  lathe  at  an  average  time  of 
turning  of  about  40  minutes.  Therefore,  it  may  be  said  that 
tools  with  vanadium  content  have  given  very  good  service. 

The  President:  Gentlemen,  the  question  was  raised  as  to 
the  extent  to  which  vanadium  had  been  used  in  tool  steel.  I  can 
only  tell  you  about  one  chisel,  that  is,  frcwn  actual  experience. 
We  had  some  trouble  with  transmission  bars  on  a  certain  class 
of  engine,  and  decided  to  order  some  with  vanadium  steel. 
They  came  along  in  due  time  and  did  very  well.  We  decided 
further  that  we  would  have  another  set  forged  from  vana- 
dium steel.  Those  came,  too,  and  we  started  in  to  machine 
them.  Well,  I  guess  they  are  busy  at  it  yet  in  our  shops. 
[Laughter.]  They  finally,  in  experimenting,  took  out  a  piece 
and  made  some  excellent  cold  chisels  from  the  vanadium  steel. 
We  took  the  matter  up  with  the  vanadium  people  and  it  was 
finally  traced  until  they  discovered  that  what  they  intended 
for  tires  was  used  for  transmission  bars.  I  can  safely  say  that 
if  that  is  the  quality  of  steel  they  are  furnishing  for  tires  we 
can  expect  extraordinary  wear  from  them  in  that  line  of  service. 

Mr.  R.  p.  C.  Sanderson  (Virginian)  :  Mr.  President,  one 
point  in  connection  with  this  matter  of  high-sf)eed  steels  in 
modem  machine-shop  practice  has  been  referred  to  only  indi- 
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rectly,  and  that  is  the  system  or  shop  methods  of  using  it.  To 
illustrate  the  point  I  wish  to  make,  I  will  say  that  vmJien  the 
Taylor-White  process  steel  was  first  exploited  in  this  country  at 
the  time  Mr.  Vaughan  referred  to,  I  visited  the  Bethlehem  Steel 
Works  with  the  view  of  going  into  the  matter  personally  to  see 
whether  it  would  pay  the  company  I  was  then  working  for  to 
buy  the  rights  and  use  it.  They  gave  me  every  facility  for  going 
through  the  shop.  I  found  that  they  had  gone  to  work  in  the 
most  thorough  manner  and  figured  up  the  actual  capacity  of 
every  machine  they  had.  They  had  calculated  the  strength  of 
the  spindles  and  arrived  at  the  strength  of  their  lathes  and  tool 
holders,  and  so  on,  the  strength  of  the  gears  that  drove  the 
machines,  and  they  decided  just  what  pressure  could  be  borne  at 
the  point  of  the  tool  without  paralyzing  the  machine.  In  some 
cases  they  had  gone  so  far  as  to  break  the  machines  down  to 
establish  that  pressure.  Having  done  that  they  went  through  a 
careful  series  of  experiments  to  show  the  power  required  to  tear 
off  the  metal  with  properly  formed  tools  at  given  speeds,  depths 
of  cut  and  feeds  in  different  qualities  of  steel,  nickel  steel,  high 
carbon  and  low-carbon  steel  and  wrought  iron.  Having  done 
that,  they  tabulated  the  work  that  should  be  done  and  speeds 
that  should  be  used  for  the  different  feeds  and  cuts  of  each 
machine  in  their  shop.  Theij  they  did  not  leave  it  optional  with 
the  men  at  all  as  to  how  they  should  turn  out  the  work,  but  they 
had  speed  bosses  around  the  shop  who  checked  up  the  speeds 
actually  used  by  the  mechanics,  and  they  fo.llowed  it  up  so  closely 
that  they  practically  got  the  maximum  possible  output  from  each 
machine  of  each  type.  That  was  done  in  that  shop,  and  I  made 
up  my  mind  that  a  large  portion  of  the  great  advance  they  had 
made  in  machine-shop  practice  was  due  to  their  thorough  method 
of  enforcing  the  maximum  output  of  every  machine  and  every 
man  rather  than  the  mere  ability  of  the  tool  steel  to  stand  the 
work;  and  we  can  not  get  the  results  that  we  should  unless  the 
same  pains  are  taken  by  the  machine  shop  foremen  and  manage- 
ment to  force  the  output  of  each  machine  up  to  the  full  capacity 
both  of  the  machine  and  the  tool  steel.  One  thing  won't  bring 
results  without  the  other. 

Mr,  DeVoy  :    Mr.  President,  much  of  this  discussion  seems  to 
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resolve  itself  into  the  amount  of  work  that  can  be  gotten  out  of 
a  lathe  or  a  machine  of  that  kind,  and  particularly  with  refer- 
ence to  the  repair  of  steel  wear.  I  would  like  to  mention  one 
thing  that  to  me  appears  more  important  than  the  getting  out  of 
the  work.  That  is,  that  in  turning  a  pair  of  drivers,  tires  of 
drivers,  or  a  steel-tired  wheel,  I  have  in  m'any  cases,  and  on  more 
than  one  railroad,  seen  the  operator  pay  absolutely  no  attention 
to  what  the  size  of  his  wheel  was  to  be  turned.  To  make  myself 
more  clear,  I  would  much  rather  lose  lo  or  15  or  possibly  20  per 
cent  in  the  amount  of  work  done,  and  on  every  pair  of  wheels  see 
the  witness  mark,  or  a  small  portion  of  that  tire  that  had  not 
been  turned  away.  I  would  prefer  to  have  the  last  sixteenth  of 
an  inch  in  a  tire  for  additional  wear  than  to  see  a  man  rip  the 
tire  to  pieces  in  say  seven  or  eight  revolutions  on  a  driving-wheel 
lathe.  You  will  save  much  more  money  in  the  long  run  if  you 
attempt  to  make  your  operator  observe  that  point,  and  if  he  will, 
in  turning  the  wheel  each  time,  try  to  observe  that,  I  believe  you 
will  save  more  than  you  will  by  any  increased  output. 

Another  point  came  to  me  very  clearly  in  looking  to  the 
reason  why  we  have  cracked  tires,  especially  in  the  winter  time. 
It  appeared  to  me  that,  in  turning  the  tires,  possibly  the  tool, 
notwithstanding  the  great  power  of  the  lathe  had,  so  to  speak, 
laminated  the  steel,  and  that  there  \yas  a  slight  fracture  there.  If 
any  of  you  have  examined  tires  as  they  first  begin  to  break, 
especially  in  a  cold  country,  you  will  see  a  slight  crack  on  the 
outer  edge  of  the  flange  of  the  tire,  and  following  that  up 
further  with  a  microscopical  examination  it  has  appeared  to  me 
that  a  great  deal  of  that  has  been  caused  in  the  driving-wheel 
lathe ;  that  it  has  been  the  great  power  exerted  that  caused  the 
fracture  of  the  steel  tire.  I  am  not  at  all  opposed  to  a  powerful 
machine ;  the  more  power  it  has  the  better,  and  I  believe  the 
Milwaukee  Road  was  one  of  the  first  in  the  country  to  adopt  the 
100-inch  wheel  lathe,  one  of  the  largest  —  I  am  not  opposed  to 
that  at  all,  but  I  do  particularly  want  to  call  attention  to  the  neces- 
sity of  seeing  that  every  operator  should  leave  that  witness  mark 
on  his  steel  tire,  not  to  the  detriment  of  the  proper  rolling  of  the 
wheel,  but  just  to  show  that  he  has  not  wasted  that  sixteenth  of 
an  inch  in  tire  wear. 
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Mr.  George  L.  Fowler:  I  would  like  to  corroborate  what 
Mr.  DeVoy  has  just  said  in  regard  to  the  ripping  off  of  steel  and 
the  condition  it  is  left  in  in  exceedingly  heavy  cuts.  Take  a  wheel 
lathe  with  a  cut  of  ^  to  J4  speed,  or  J/^-inch  cut  and  3  inches  in 
speed,  it  leaves  a  surface  with  the  metal  very  badly  cracked,  and 
an  examination  of  some  of  that  work  under  a  glass  leads  me  to 
believe  that  those  cracks  extend  down  in  for  at  least  a-  sixteenth 
of  an  inch  in  very  many  cases.  I  was  called  in  a  short  time  ago 
to  offer  a  remedy  for  some  troubles  they  were  having  with  an 
electric  car  and  I  found  they  were  turning  steel  wheels  under 
exactly  those  conditions.  I  suggested  that  instead  of  finishing 
the  wheel  with  that  exceedingly  heavy  cut  they  finish  it  with  a 
light  cut,  perhaps  taking  out  a  little  more  metal,  but  leaving  the 
metal  on  the  surface  of  the  tread  smooth  and  free  from  those 
cracks,  and  the  difficulty  of  cracked  wheels  and  chipping  in  the 
flanges  entirely  disappeared  by  that  simple  remedy  of  leaving  the 
tread  in  good  condition  when  it  was  put  back  in  service,  not 
using  the  utmost  high-speed  tools  to  finish  and  get  the  work  out 
a^  rapidly  as  possible. 

The  President:  Mr.  Bentley,  will  you  give  us  some  infor- 
mation on  the  subject? 

,  Mr.  Bentley  :  I  think  there  is  a  great  deal  in  what  Mr. 
DeVoy  has  said,  but  I  doubt  whether  he  can  get  a  witness  mark 
o(j  all  of  his  tires.  He  may  be  able  to  leave  it  on  one  tire,  but  I 
don*t  see  how  he  could  do  it  on  all  of  them.  It  is  my  opinion  that 
we  leave  our  tires  altogether  too  rough,  and  feel  satisfied  that 
there  is  an  excessive  wear  after  they  are  put  under  the  engine. 
In  my  judgment  we  ought  to  leave  our  wheel-tire  tread  smoother 
than  we  have  been  doing.  I  don't  altogether  agree  about  the 
checks  in  the  flanges,  having  seen  a  number  of  cases  where  one 
tire  of  a  pair  would  be  entirely  free  from  checks,  and  the  next 
one  would  be  so  badly  cracked  that  if  it  had  not  been  removed 
it  would  have  broken.  It  is  my  contention  that  the  tire  maker 
was  responsible  for  that  condition,  and  not  the  brake  on  the 
engine  or  anything  we  did  to  the  tires  that  would  bring  about 
that  result. 

Mr.  Forsyth  :     I   was  interested  in   the  last  part  of  Mr. 
M-10 
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Carney's  paper  where  he  referred  to  the  fact  that  the  increase  in 
the  output  due  to  high-speed  steel  had  about  offset  the  increase 
in  wages,  and  that  has  suggested  to  me  a  comparison  of  the 
efficiency  of  the  machine  tools,  the  efficiency  of  the  men  and  the 
wages  paid. '  When  I  was  at  Mr.  Carney's  shop  recently,  he 
pointed  out  to  me  a  machinist  who  was  earning  nearly  $200  a 
nK)nth  on  piece  work.  I  remember  the  time  when  the  Master 
Mechanic  of  the  Altoona  shops  was  not  paid  half  that  money,  and 
it  occurred  to  me  that  there  is  a  possibility  of  the  machinist 
getting  a  greater  proportional  benefit  from  the  use  of  high-speed 
tools  than  the  railroads  get.  One  speaker  just  reported  fifteen 
pairs  of  tires  turned  with  one  grinding  of  the  cutting  tool.  It 
must  have  been  a  powerful  boring  mill  that  the  company  had 
bought  at  a  big  expense,  and  there  was  high-speed  steel  which 
they  had  bought  at  a  high  price,  and  the  machinist  only  had  to 
turn  that  tool  once  for  fifteen  tires,  and  he  was  paid  a  good  price 
per  piece.  The  thought  I  wanted  to  suggest  is  that  the  cost  of 
repairs  of  locomotives,  even  on  a  basis  of  the  increased  weight, 
has  not  been  reduced  very  much,  and  yet  if  we  were  to  get  the 
maximum  benefit  from  the  money  the  railroads  have  expended 
for  putting  in  heavy  machine  tools,  electric  motors,  high-speed 
steel  and  all  those  things  that  are  so  efficient,  and  do  so- much 
more  work  than  the  old  style  work,  why  don't  we  show  a  much 
larger  reduction  in  cost  of  repairs.  Although  I  am  in  favor  of 
a  machinist  earning  fair  day's  wage,  possibly  in  many  cases, 
under  piece  work  or  premium  systems,  he  is  being  very  much 
overpaid,  and  that  the  reason  it  is  pemiitted  is  because  we  are 
getting  such  an  enormous  efficiency  out  of  these  improved  con- 
ditions. The  machinists'  union  appears  to  have  so  much  influ- 
ence that  a  larger  proportional  benefit  from  the  use  of  improved 
appliances  and  tools  goes  to  the  workman  than  to  railroad  stock- 
holders who  provide  the  capital  which  provides  for  the  improve- 
ments. 

Mr.  Curtis  :  I  listened  to  what  was  said  about  the  cracking 
of  tires,  owing  to  the  high  duty  steel.  I  want  to  ask  if  cHmatic 
conditions  do  not  enter  into  that.  The  Louisville  &  Nashville 
R.  R.  was  the  first  road  to  use  the  heavy  wheel  lathes.  We  take 
all  there  is  to  come  off  in  the  first  cut  and  finish  it  in  the  second. 
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If  a  tire  is  worn  deeply  it  doesn't  make  any  difference.  We  have 
averaged  about  800  locomotives  in  service  for  the  last  four  years 
and  we  have  not  broken  a  tire.  I  do  not  see  what  the  tire  lathe 
has  to  do  with  the  tire  in  the  breaking  of  it.  On  the  other 
hand,  in  turning  M.  C.  B.  5  by  9  axles  and  S>4  by  lo-inch  axles 
in  double-headed  axle  lathes,  I  have  seen  the  axle  spring  in  the 
middle,  on  the  first  cut  in  taking  off  the  stock.  It  is  finished  on 
the  second  cut  by  a  light  cut.  We  have  never  had  one  of  those 
axles  break,  nor  to  run  hot  through  the  journal  being  out  of  true 
or  damaged  by  the  use  of  high-duty  tool  steel.  I  have  been 
watching  that  very  closely.  I  only  bring  this  up  as  a  citation 
to  meet  what  has  been  said  about  the  improved  work  done  by 
high-duty  steel. 

Mr.  Gaines:  I  want  to  confirm  what  Mr.  Curtis  has  just 
said.  I  do  not  believe  that  the  rapid  v^ork  has  anything  to  do 
with  the  development  of  flaws  in  the  tires.  I  know  one  road  that 
has  been  turning  out  their  steel-tired  passenger  coach  wheels 
with  a  roughing  cut,  omitting  entirely  the  use  of  the  scraper. 
We  find  that  these  wheels,  after  five  miles  use,  are  perfectly 
smooth. 

Referring  to  what  Mr.  Forsyth  had  to  say  in  regard  to  the 
company  getting  the  benefit  of  the  cost,  I  believe  we  are  going 
to  get  that  benefit.  We  are  getting  it  now  some,  and  I  think 
we  are  going  to  get  it  more  as  we  get  into  the  use  of  the  handling 
of  high-speed  steel.  I  have  recently  installed  one  of  those  42-inch 
heav}^-duty  steel-tired  wheel  lathes.  We  used  to  get  out  two 
pair  of  wheels  or  two  and  a  half  a  day  with  an  old  machine. 
We  don't  employ  a  regular  machinist.  We  use  what  we  call  a 
handy  man  and  we  are  getting  out  our  wheels  for  about  twenty 
cents  a  pair  where  we  used  to  pay  anywhere  from  80  cents  to  a 
dollar. 

Mr.  DeVoy  :  So  far  as  my  observation  is  concerned,  climatic 
conditions  absolutely  govern  all  tire  failures.  I  have  said  many 
a  time  when  it  was  thought  that  there  would  be  some  danger  of 
any  tire  failure  that  I  would  give  more  for  one  week  of  good 
weather  than  for  anything  else.  As  soon  as  the  good  weather 
comes,  you  are  absolutely  through  with  your  tire  failures.  I 
would  like  to  ask  the  gentleman  in  the  South  if  he  ever  had  a 
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tire  failure,  because  I  do  not  see  how  they  could  down  in  that 
section.  I  would  like  to  ask  the  gentleman  if  he  has  ever  paid 
any  particular  attention  to  the  breaking  of  wheels  and  as  to 
whether  he  has  made  any  figures  as  to  that  sixteenth  of  an  inch 
he  has  saved  that  company  in  tire  wear.  It  will  pay  him.  I 
do  not  object  in  the  slightest  to  the  amount  of  work  a  man  will 
do;  blit  there  is  a  point  in  which  he  can  save  money  by  not 
turning  off  the  steel.  I  would  like  to  ask  another  question.  If 
any  of  the  gentlemen  have  had  any  tire  failures,  have  they  ever 
taken  the  pains  to  find  out  whether  there  were  any  cracks,  or 
whatever  you  want  to  designate  them,  in  the  flange  of  the  wheel; 
because  invariably  they  do  occur,  and  in  taking  it  up  with  the 
steel  people  I  have  never  heard  them  offer  any  remedy  for  that 
crack,  and  if  you  will  follow  it  in  the  driving  wheel,  it  is  started 
there. 

Mr.  Vaughan  :  I  would  like  to  say  in  regard  to  this  crack- 
ing that  we  have  had  several  cases  of  slight  cracking  in  the  flange 
and  on  engines  that  have  not  had  any  turning  except  the  first 
turning  at  the  works.  I  will  not  oppose  the  idea  that  a  heavy 
turning  of  the  flange  might  start  little  cracks,  but  I  think  that  is 
fairly  good  proof  that  this  class  of  failure  can  occur  from  other 
causes.  I  am  inclined  to  the  idea  that  this  damage  couldn't 
occur  if  the  tire  were  perfect.  If  there  is  any  defect  in  the  tire, 
a  heavy  cut  might  disturb  the  metal  and  start  a  crack.  I  believe 
these  cracks  that  start  through  the  flange  are  entirely  due  to  the 
bending  of  the  flange.  There  is  no  question  at  all  in  my  mind 
that  climatic  conditions  have  everything  to  do  with  it.  All  our 
tire  troubles  come  in  the  winter  time.  As  soon  as  the  frost  gets 
out  of  the  track  we  do  not  have  any  tire  troubles  until  the  next 
winter,  but  one  of  the  troubles  we  have  experienced  with  the 
very  best  grades  of  tire  we  can  get,  is  a  little  crack  starting 
through  the  top  of  the  flange,  and  I  believe  it  is  due  to  the  bend- 
ing backward  and  forward  of  the  flange.  I  think  tire  troubles 
have  increased  under  severe  conditions ;  and  while  we  are  using 
a  very  much  stiffer  center  than  most  people,  we  have  still  a  little 
of  it 

Mr.  Curtis:  I  think  I  should  answer  the  gentleman  who 
asks   if  we  have   inspected  our   wheels.     Our  wheels   are  all 
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inspected  carefully  and  we  leave  a  little  black  spot  as  a  general 
rule  on  one  of  the  wheels  —  not  turning  off  any  more  than 
necessary  —  and  the  wheels  are  all  properly  mated,  workmanship 
first-class.  The  gentleman  asks  if  we  ever  break  a  tire.  I  recall 
the  breaking  of  a  tire  on  a  68-inch  wheel  on  a  hot  summer  day. 
The  tire  was  ij^  inches  thick,  and  the  engine  had  i6  by  24-inch 
cylinders.  The  tire  had  been  run  too  long  and  it  broke  from  the 
inside  outward.  That  is  the  only  one  I  recall  in  the  last  five  years, 
and  that  was  before  we  started  to  use  the  heavy  duty  tool  steel. 

The  President  :  Gentlemen  —  I  think  a  good  deal  of  atten- 
tion should  be  given  to  what  Mr.  Vaughan  has  said  in  regard  to 
the  springing  of  the  tire  and  wheel  causing  these  flange  cracks ; 
it  is  possible  it  is  sometimes  caused  by  unequal  shimming 
of  the  tires  in  setting  them.  For  instance,  if  you  do  not  shim  the 
entire  circumference  of  the  wheel  there  are  apt  to  be  spaces  left 
where  springing  will  occur.  I  will  ask  Mr.  Chambers,  our  Master 
Mechanic,  if  we  have  not  encountered  some  broken  tires? 

Mr.  C.  E.  Chambers  (C.  R.  R.  of  N.  J.)  :  As  to  the  matter 
of  broken  tires,  would  say  we  have  found  and  removed  several 
cracked  tires  before  failure,  that  apparently  started  through 
flange;  I  am  not,  however,  of  the  opinion  that  the  breakage  or 
cracks  occurred  through  misuse  of  tool  in  tire  turning  lathe  in 
the  shop.  If  this  was  truly  the  case  it  might  occur  on  all  classes 
of  wheels.  As  my  memory  serves  me,  it  only  occurred  on  wheels 
of  outside  diameter  of  69  inches  or  upward,  and  I  think  the 
breakage  is  largely  caused  by  springing  of  cast-steel  wheel 
centers.  I  think  the  practice  in  the  past  has  been  to  use  cast-steel 
wheel  centers  of  too  light  proportion,  and  that  increasing  the 
stiffness  of  the  wheel  most  of  these  troubles  will  be  cut  out. 

Mr.  D.  J.  Redding  (P.  &  L.  E.  R.  R.)  :  The  introduction  of 
high-speed  steel  started  the  practice  of  making  records  on  boring 
mills.  You  will  seldom  find  a  full  set  of  driving-wheel  centers 
which  will  all  caliper  alike.  Where  you  bore  them  in  such  a 
hurry,  and  necessarily  try  to  bore  them  to  one  size,  somebody  has 
got  to  shim  them  when  they  are  put  on,  and  I  think  as  many  of 
them  are  broken  from  improper  shimming  as  from  any  other 
cause.    The  men  who  put  on  tires  are  not  expert  mechanics  and 
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do  not  realize  the  necessity  of  working  to  a  6oth  or  an  8oth  of 
an  inch,  as  our  gauge  calls  for.  The  majority  of  men,  in  boring 
tires,  do  not  know  anything  about  an  8oth.  They  use  a  rule 
marked  in  i6ths.  I  am  inclined  to  think  that  a  little  less  speed 
and  more  accuracy  in  boring  might  very  often  prevent  the  break- 
ing of  tires. 

Mr.  a.  Lovell:  The  question  has  been  raised  here  as  to 
whether  the  full  benefits  of  high-speed  steel  were  being  realized 
or  whether  the  b/enefits  derived  from  the  high-speed  steel  were  not 
being  used  up  by  the  extra  cost  of  machine  tools,  and  in  paying 
additional  wages  to  the  men  operating  them.  I  think  that  is  a 
matter  which  will  work  itself  out  in  time,  to  the  benefit  of  the 
railroad.  I  think  possibly  as  yet  it  is  not  fully  adjusted  and  it  is 
a  very  important  matter. 

When  new  and  improved  machines  are  introduced  into  any 
shop  where  piece-work  rates,  or  any  premium  system  is  adopted, 
it  is  very  essential  that  the  piece-work  rate  shall  be  adjusted  to 
fit  this  new  condition  of  things.  The  old  rate  should  not  then 
prevail.  Again,  it  is  very  important  that  care  should  be  exercised 
in  providing  new  and  improved  machines  to  get  the  greatest 
benefit  from  the  high-speed  steel,  that  these  machines  be  only 
introduced  in  such  places  where  their  full  benefit  can  be  utilized. 
For  instance,  if  we  have  in  a  large  machine  shop,  an  old  driving- 
wheel  lathe  which  will  stand  the  work  at  a  slow  rate  of  speed, 
and  perhaps  valued  at  $2,000,  it  would  be  good  economy,  if  a 
new  tool  could  be  utilized  all  the  time,  to  pay  $10,000  for  a 
high-speed  extra  heavy'  machine  in  which  the  tires  might  be 
turned  at  the  speed  which  has  been  represented  here, —  three 
pairs  in  an  hour.  On  the  other  hand,  if  this  $2,000  machine  is 
located  in  a  small  shop  where  there  are  only  a  few  tires  to  be 
turned,  and  the  machine  is  not  in  operation  more  than  half  or 
one-third  of  the  time,  it  would  not  be  good  economy  to  throw 
away  that  machine,  and  expend  $10,000  to  buy  one  of  the  high- 
speed machines.  It  would  be  better  economy  to  pay  for  a  little 
more  time  to  the  workman  and  do  a  little  less  work. 

I  think  these  matters  should  be  looked  into  very  carefully, 
and  eventually  the  full  benefits  of  the  improved  steel  will  result 
to  the  benefit  of  the  railroads. 
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The  President:  If  there  is  no  further  discussion  on  this 
subject,  we  will  take  the  next  one,  the  report  of  the  committee  on 
Washing-  Out  and  Refilling  Locomotive  Boilers,  Mr.  H.  T.  Bent- 
ley  is  the  chairman  of  the  committee. 

Mr.  Bentley  read  the  report. 

REPORT   OF  COMMITTEE   ON   BEST   SYSTEM   OF   WASHING 

OUT  AND  REFILLING  LOCOMOTIVE  BOILERS,  INCLUD-        ' 
ING  BLOW-OFF  LINES.  FLUSHING  TANKS,  HOT  WELLS, 
AND  OTHER  SIMILAR  METHODS,  AND  DATA  PERTAIN- 
ING TO   BEIvlEFITS   IN   THE  WAY   OF   REDUCING  DE- 
FECTS IN  FIRE  BOX  SHEETS,  STAY  BOLTS  AND  TUBES. 

To  the  President  and  Members  of  the  Master  Mechanics*  Association: 

The  wording  of  the  subject  assigned  to  this  committee  asked  particu- 
larly for  data  pertaining  to  benefits  in  the  way  of  reducing  defects  in  fire- 
box sheets,  stay  bolts  and  tubes,  but  as  this  is  only  a  small  part  of  the 
many  benefits  derived  from  washing  out  with  hot  water,  we  have  felt  at 
liberty  to  go  into  the  matter  more  fully  in  other  directions,  as  the  actual 
data  obtainable  about  reduction  in  stay-bolt  breakages,  leaking  fire  boxes 
and  flues,  from  the  use  of  hot  water,  was  very  meager. 

The  best  system  of  washing  out  is  one  that  will  do  the  work  properly, 
with  the  least  change  in  temperature  in  boiler,  at  a  minimum  expenditure 
of  heat,  and  in  the  shortest  possible  time. 

To  say  which  system  is  the  best  for  obtaining  the  above  results  is  not 
within  the  province  of  this  committee,  but  as  there  are  several  on  the 
market  which  will  do  what  is  required  of  them,  and  each  of  them,  so  far 
as  we  can  find  out,  is  giving  satisfaction,  no  particular  make  will  be 
mentioned. 

The  fact  that  good  results  are  obtained  by  having  less  trouble  from 
fire-box  and  flue  leakage,  and  a  reduction  in  the  number  of  stay-bolt 
breakages,  and  last,  but  not  least,  the  reduction  in  terminal  delays,  would 
appear  to  warrant  the  expense  of  installation. 

The  more  nearly  uniform  the  temperature  is  kept,  the  less  expansion 
and  contraction  takes  place,  especially  in  the  fire  box,  which  must  reduce 
the  vibration  in  stay  bolts  and  give  them  a  correspondingly  increased  life. 

It  has  been  demonstrated  beyond  a  doubt  that  when  a  boiler  is  kept 
at  a  unifc^rm  temperature,  the  least  trouble  is  experienced  in  the  matter  of 
leaking  flues  and  fire  boxes. 

Under  good  water  and  coal  conditions,  fires  are  seldom  dumped  and 
leaks  are  almost  unknown.  Most  of  this,  of  course,  is  due  to  the  water, 
but  most  of  us  have  known  of  engines  that  have  given  trouble  account  of 
leaking  every  day ;   when  placed  in  the  hands  of  certain  engineers,  would  I 

nm  day  in  and  day  out  for  a  long  time  and  be  absolutely  dry,  the  secret  '  . 
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of  the  man's  success  being  in  the  uniform  temperature  maintained,  by 
insisting  on  careful  firing,  proper  handling  of  dampers,  and  a  scientific  use 
of  the  injector.  If  such  a  condition  can  be  obtained,  and  we  know  it  is 
pQSsible,  it  speaks  volumes  for  maintaining  the  same  temperature  as  far  as 
possible  in  fire  box  and  boiler ;  yet,  how  many  are  there  of  us  who,  when  , 
an  engine  is  coming  in  from  a  run,  will  stand  by  and  see  all  sorts  of  things 
done  that,  in  our  thinking  moments,  we  know  to  be  absolutely  wrong.  We 
apply  cold  water  through  the  injector,  while  no  circulation  is  taking  place 
in  boiler,  we  then  blow  the  steam  off  by  letting  it  escape  to  the  atmosphere, 
after  which  the  blow-off  cock  is  opened,  and  a  boilerful  of  hot  water 
runs  down  the  sewer;  and  then,  as  if  not  satisfied  with  wasting  such  a 
large  amount  of  heat  that  we  will  have  to  replace  later  on  at  a  cost  of 
probably  800  to  1,000  pounds  of  coal,  we  turn  on  a  stream  of  cold  water 
and  go  through  the  washing-out  process,  so  that  the  fire  box  is  at  a  tem- 
perature of  45  to  50  degrees,  and  the  top  of  boiler  and  some  of  the  upper 
flues  are  still  hot.  Then  is  the  time  that  some  boilermakers  get  their  work 
in;  and  we  are  surprised  to  have  someone  tell  us  that  a  report  like  a 
cannon  was  heard  in  the  fire  box  and  a  crack  developed  in  side  sheet  that 
has  put  our  engine  out  of  commission  for  a  time,  or  if  we  are  fortunate 
enough  to  miss  the  cracked  side  sheet,  we  fill  our  boiler  up  with  cold 
water  and  reverse  the  process  that  has  just  taken  place ;  a  large  fire  is 
put  in  the  box  and  blower  applied,  so  that  we  have  steam  on,  before  the 
water  around  mud  ring  is  hot,  and  often  after  the  engine  has  gone  a  short 
distance  on  the  road  we  get  word  from  the  train  dispatcher  that  the  fruits 
of  our  abuse  has  shown  itself  in  a  dead  locomotive  that  is  blocking  traf!ic. 
This  is  not  an  exaggerated  picture,  but  fortunately  it  is  getting  to  be  under- 
stood that  this  condition  can  be  improved  at  a  reasonable  cost. 

In  taking  the  question  up  with  a  number  of  Superintendents  of  Motive 
Power,  who  are  using  various  devices  having  the  object  of  washing  out, 
changing  water  and  raising  steam  quickly,  by  the  use  of  hot  water,  and  live 
steam  where  necessary,  the  following  information  was  gathered : 

1.  That  there  are  four  or  five  different  systems  in  use. 

2.  Have  been  in  use  from  one  to  three  years. 

3.  Cost  from  $5,500  to  $20,000,  depending  on  size  and  number  of 
stalls  equipped,  or  at  5  per  cent  interest  would  mean  an  expense  of  from 
$275  to  $1,000  per  year.  . 

4.  In  the  various  systems  reported,  statement  is  made  that  they  are 
entirely  satisfactory. 

5.  Can  wash  out  and  get  ready  for  service  twenty  to  twenty-six 
engines  per  twenty-four  hours. 

6.  Average  time  of  the  various  roads  reporting,  to  wash  out  and 
get  engines  ready  for  service,  varied  from  ssyi  minutes,  on  one  road,  to 
4  hours  15  minutes,  on  another. 

7.  Average  time  formerly  taken,  3  to  6  hours. 

8.  Practically  no  change  or  improvement  made  since  installed,  one 
user  saying  that  in  his  system  would  suggest  a  settling  well,  so  that  water 
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blown  out  of  boiler  might  be  utilized  again  after  the  mud  and  scale  had 
been  deposited. 

9.  In  all  cases  a  very  marked  reduction  was  reported  in  flue  leakages 
and  broken  stay  bolts,  although  very  little  data  were  available  on  this 
subject.  At  one  point  it  had  been  possible  to  reduce  the  number  of  boiler- 
makers  employed  from  ten  to  four,  due  to  decreased  boiler  work,  since  the 
hot  water  washing-out  system  has  been  installed. 

10.  Some  of  the  other  benefits  derived  are  given  as  follows :  No  evi- 
dence of  steam  in  roundhouse.  Always  plenty  of  water  (hot)  t5  refill 
boilers  at  212  degrees.  Temperature  of  water  reduces  time  and  fuel  neces- 
sary to  get  engine  hot.  Facility  in  turning  engines,  reduction  of  engine  fail- 
ures, reducing  overtime,  deduction  of  time  at  terminals  where  washing  out 
is  necessary. 

Probably  the  most  important  saving  that  is  effected  by  the  hot  water 
changing  or  wash-out  system,  is  the  rapidity  with  which  the  work  can  be 
done,  and  thus  get  engines  into  service  from  one  to  two  hours  quicker  than 
could  possibly  be  the  case  with  a  cold-water  system,  which  necessitates 
cooling  an  engine  down  after  the  steam  has  been  blown  off,  before  the 
engine  can  be  washed  out,  and  then  directly  after  bringing  the  water  back 
to  the  original  temperature  that  it  was  when  engine  came  in  off  the  clinker 
pit;  such  waste  of  heat,  which  means  coal,  would  not  be  tolerated  under 
any  other  conditions,  but  takes  place  daily  at  hundreds  of  roundhouses  in 
this  country,  without  any  protest  from  the  people  causing  this  waste. 

A  simple  arrangement  used  on  one  of  the  Western  roads  with  very 
great  success,  for  utilizing  steam  and  water  otherwise  wasted,  is  to  have 
wells  into  which  cold  water  flows  from  the  main,  or  source  of  supply,  and 
to  heat  it,  steam  and  hot  water  from  engines  is  blown  off  into  well ;  from 
this  place  the  water  is  pumped  for  washing  out  and  filling  boilers.  This  is 
probably  the  cheapest  system  for  furnishing  hot  water,  but  it  has  the 
objection  that  you  are  using  water  that  has  been  blown  from  dirty  boilers ; 
but  as  only  a  boilerful  is  taken,  it  is  soon  diluted  and  rendered  innocuous 
by  the  fresh  water  injected  into  it  from  the  tank. 

The  following  actual  savings  have  been  reported : 

Decreased  cost  of  washing  boilers ;  in  1906  with  cold  water,  for  labor 
alone  it  cost  $1.32  per  boiler,  whereas,  with  hot  water  in  1907,  $1.01  was 
charged  against  this  item,  or  on  the  road  reporting  it,  a  saving  of  $2,019.95 
per  year  for  labor  alone,  in  washing  boilers,  was  effected  on  an  outlay  of 
$6,000. 

Decreased  cost  of  water  used.  This  item  may  not  appear  at  first  sight 
to  amount  to  much,  but  where  a  saving  of  7,000  gallons  for  each  boiler 
washed  out  can  be  effected,  as  has  been  reported,  this,  at  7  cents  per 
thousand  gallons,  in  Chicago,  amounts  to  49  cents  per  boiler  washed.  It 
is  the  opinion  of  your  committee,  however,  that  this  estimate  of  the  amount 
of  water  saved  is  high. 

Decreased  amount  of  coal  used.  On  one  road  this  is  given  at  140 
pounds  per  engine,  which  is  probably  low ;  this  at  $2  per  ton  would  amount 
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to  14  cents,  so  that  with  the  three  items  mentioned  we  get  a  saving  per 

engine  of : 

Labor  $0.31 

Water    49 

Coal 14 

Total $0.94 

The  saving  of  time  at  the  roundhouse  is  probably,  in  busy  seasons, 
more  of  an  object  ^than  anything  else  we  have  mentioned,  and  as  this 
amounts  to  cutting  the  time  in  half  for  washing  out,  it  means,  assuming 
that  engine  is  not  held  for  any  other  work,  that  with  1,000  engines,  each 
turned  two  hours  quicker  than  was  possible  with  the  cold-water  system, 
you  have  a  saving  of  2,000  engine  hours,  and  as  engines  generally  have  to 
be  washed  out  once  a  week,  or  four  times  a  month,  in  bad-water  territory, 
it  amounts  to  8,000  engine  hours  a  month,  or  96,000  engine  hours  a  year; 
this,  if  the  engines  have  to  be  rented  at  $10  a  day,  which  is  a  low  figure 
for  a  large  engine,  in  busy  seasons,  would  cost  $40,000;  or,  putting  it 
another  way,  working  365  days  of  12  hours  each,  it  would  require  practi- 
cally 22  additional  engines  to  equal  the  96,000  engine  hours  a  year,  which, 
at  $15,000  per  engine,  would  mean  an  expenditure  of  $330,000. 

In  conclusion,  your  committee  recommends  that  boilers  be  washed  out 
and  filled  with  hot  water,  and  that  the  savings  obtained  by  doing  so  will 
pay  a  good  interest  on  the  necessary  investment. 

H.  T.  Pentley,  Chairman, 
L.  H.  Turner, 

S.  K.  DiCKERSON, 

M.  E.  Wells, 
H.  E.  Passmore, 

Committee. 

Mr.  Bentley  :  Since  writing  this  report  I  have  had  oppor- 
tunities of  seeing  in  operation  hot-water  wash-out  plants  that 
actually  do  in  a  very  satisfactory  manner  all  that  the  most 
sanguine  would  expect. 

At  one  place  I  found  the  steam  and  hot  water  being  utilized 
to  heat  two  tanks,  one  at  a  temperature  of  140  degrees  for  wash- 
ing out  and  the  other  at  from  175  to  200  degrees  for  filling  up, 
and  there  appeared  to  be  plenty  of  hot  water  at  above  tem- 
peratures to  meet  all  the  requirements. 

In  figuring  on  the  actual  saving  in  time,  coal  and  water, 
would  say,  that  the  amounts  given  by  your  committee  are  prob- 
ably under,  instead  of  above,  the  mark  and  woiild  revise  these 
figures  as  follows: 
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Labor  $.30 

Water,  at  7  cents  per  M 14 

Coal,  at  $2  per  ton 1.60 

Total;  per  engine  $i-44 

Just  at  present,  owing  to  the  business  depression,  we  are  not 
crowded  for  power,  but  in  busy  times  anything  that  will  enable 
us  to  turn  an  engine  out  in  one-half  the  time,  after  being  washed, 
is  worth  considering. 

One  thing  that  impressed  me  in  connection  with  the  filling 
up  of  boilers  was  the  large-sized  pumps  used,  which  made  it 
possible  to  fill  a  large  locomotive  boiler  in  nine  minutes,  where 
the  best  we  do  is  about  twenty  minutes. 

A  larger  blow-oflf  pipe  than  1J/2  inches  as  used  on  most  roads 
is  very  necessary  for  quickly  emptying  and  filling  boilers. 

The  reduced  amount  of  boiler  work  necessary  is  evidenced 
by  the  number  of  men  laid  off  at  several  places  investigated  since 
the  introduction  of  hot-water  washing  out.  The  men  handling 
the  hose  can  do  so  without  inconvenience,  where  the  temperature 
does  not  exceed  140  degrees,  but  in  filling  up,  where  the  water 
is  as  high  as  200  degrees,  it  is  not  necessary  to  handle  the  hose, 
and  therefore  no  trouble  is  experienced. 

The  savings  from  coal,  water  and  labor  alone  will  pay  a 
handsome  interest  on  the  cost  of  installation,  .and  I  have  no 
hesitation  in  recommending  this  system,  where  economical  results 
are  desired. 

The  President:  This  subject  is  now  before  you  for  dis- 
cussion. 

Mr.  Henderson  :  I  am  very  much  interested  in  the  last 
portion  of  Mr.  Bentley's  discussion  regarding  the  plant  which 
he  recently  inspected,  and  I  think  it  would  be  interesting  if  he 
would  give  us  more  of  the  details.  There  are  several  things  that 
would  be  of  interest.  He  states  there  were  three  tanks  in  which 
water  was  held  at  different  temperatures.  I  suppose  there  was  a 
line  of  pipe  to  run  the  water  from  the  blow-off  tank,  and  another 
Hne  for  washing  out.  Is  there  not  another  pipe  for  the  higher 
temperature  water?  If  Mr.  Bentley  will  give  us  a  little  of  the 
details  of  what  the  lines  were  in  this  connection,  it  would  be  very 
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interesting.     It  is  of  great  importance  and  we  should  get  all  the 
information  we  can  out  of  it. 

Mr.  Bentley  :    I  think  I  said  two  tanks  instead  of  three. 

Mr.  Henderson:    How  many  lines  of  pipe  do  they  use? 

Mr.  Bentley  :  A  connection  from  the  engine  to  the  first  tank, 
and  from  that  to  the  second  tank.  The  first  tank  contains  the 
washing-out  water  and  the  second  one  contains  the  fiUing-up 
water,  and  there  is  a  blo\vr-out  line  from  the  engine  to  the  first 
tank,  so  that  after  the  water  in  that  tank  is  brought  up  to  a 
temperature  of  140  degrees  a  thermostat  shuts  the  water  and 
steam  oflF  therefrom  and  diverts  it  to  the  other  tank,  where  the 
rest  of  it  is  utilized.  Then  the  same  pipe  that  is  used  for  blowing 
oflF  the  water  is  used  for  refilling  the  boiler. 

Mr.  Henderson  :  You  can  not  blow  off  one  engine  and  wash 
out  another  at  the  same  time? 

Mr.  Bentley  :    I  think  you  can. 

Mr.  Henderson  :  It  takes  two  lines  of  pipe.  In  a  large 
roundhouse  they  could  treat  two  or  three  engines  at  the  same 
time  probably. 

Mr.  Bentley:  I  am  not  entirely  sure,  but  it  seems  to  me 
that  two  engines  can  be  washed  out  at  the  same  time  —  one 
blown  off  and  the  other  washed. 

Mr.  Henderson  :  Do  they  use  the  same  water  that  came  out 
of  the  boiler,  or  use  heat  to  heat  up  their  water? 

Mr.  Bentley  :  In  one  case  they  use  the  same  water,  and  in 
another  case  they  use  the  heat  from  the  water. 

Mr.  Redding:  In  the  system  we  have  in  use  we  can  wash 
out  a  half  dozen  boilers  at  one  time,  and  have  separate  lines  of 
pipe.  There  is  one  line  of  pipe  for  each  purpose  from  the  power 
house  to  the  roundhouse,  but,  in  the  final  connection  from  the 
wall  to  the  locomotive  boiler  there  is  only  one  pipe.  You  can 
blow  out  the  boiler,  and  without  changing  the  connection,  you 
can  fill  it  again  with  either  hot  or  cold  water  or  steam. 

I  think  one  of  the  greatest  advantages  to  be  derived  from  a 
system  such  as  here  described,  is  the  fact  that  you  can  get  your 
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engine  out  quickly.  No  matter  what  reason  you  may  have  for 
taking  out  the  water,  whether  you  only  wash  your  boiler  once 
a  week,  or  once  in  many  weeks,  depending  on  the  water,  it  is 
oftentimes  necessary  to  empty  the  boiler  for  other  purposes, 
such  as  leaking  flues,  boiler  mountings  and  other  defects. 

Where  you  have  a  system  installed  primarily  to  wash  boilers, 
you  can  figure  much  closer  and  know,  no  matter  what  work  you 
have  to  do  on  the  boiler,  if  you  can  get  it  done  within  thirty 
minutes  of  the  time  the  engine  is  required  you  can  get  your 
engine  heated  up  in  good  season.  If  you  use  cold  water  you  have 
to  allow  more  time. 

Mr.  Bentley:  Mr.  Passmore,  one  of  the  members  of  our 
committee,  has  some  information  which  I  have  no  doubt  he 
will  be  glad  to  give  to  the  members. 

Mr.  H.  E.  Passmore  (T.  &  O.  C.  Ry.)  :  It  is  rather  unkind 
on  the  part  of  Mr.  Bentley  to  call  upon  me  in  this  way,  but  I 
happen  to  be  slightly  familiar  with  the  system  whith  was  talked 
about.  # 

As  I  understand  the  system,  and  as  we  looked  into  it,  the  two 
tanks  have  in  connection  with  them,  two  pumps,  one  being  used 
for  washing-out  purposes  and  the  other  for  filling  purposes,  and 
there  is  a  system  of  pipes  and  valves  which'  make  it  convenient 
to  blow  out,  wash  out  and  fill  up  any  number  of  engines  you 
want  according  to  the  size  of  the  tank.  You  can  put  in  a  tank 
large  enough  to  take  care  of  one  or  half  a  dozen  pits.  Ft  is  just 
a  detail  of  the  piping,  etc. 

The  President:  I  would  like  to  hear  from  Mr.  Manning. 
He  used  to  say  something  about  washing  out  boilers  when  he  was 
on  the  Union  Pacific,  and  I  do  not  know  whether  he  has  for- 
gotten about  it  or  not. 

Mr.  Manning  :  I  have  not  forgotten  my  former  experiences, 
Mr.  President,  but  on  the  railroads  with  which  I  am  now  con- 
nected, washing  out  boilers  is  not  as  important  as  it  was  on  the 
Union  Pacific.  We  do  not  have  to  do  it  quite  as  often,  and  we 
would  not  do  it  as  often  as  we  now  do,  were  it  not  for  the  fact 
that  the  New  York  Railroad  Commissioners  insist  on  our  doing  it. 

We  have  no  hot  water  arrangement   for  washing  out  our 
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boilers.  We  still  continue  to  wash  them  out  in  the  old  way  with 
cold  water,  letting  them  cool  down  sufficiently,  washing  them  out, 
and  firing  up,  as  we  have  done  for  a  number  of  years,  so  there- 
fore I  can  not  add  anything  to  what  has  been  said  on  the  modem 
washing-out  plants. 

Mr.  Vaughan  :  I  would  ask  Mr.  Bentley  a  question.  No 
doubt  when  we  were  putting  water  in  through  the  injectors,  we 
were  doing  about  the  worst  possible  thing  that  could  be  done  to 
cool  off  the  boiler,  according  to  what  Mr.  Wells  told  us,  and 
which  I  believe  resulted  in  cooling  it  off  at  the  bottom  and  leaving 
it  hot  at  the  top.  I  would  ask,  in  connection  with  the  washing- 
out  plants  you  have  investigated,  in  your  duties  on  this  com- 
mittee, is  it  customary,  after  blowing  out  the  water,  which  takes 
about  twenty  minutes,  and  taking  out  the  plugs,  to  put  this  water 
at  a  temperature  of  140  degrees,  right  into  the  boiler?  We  did 
that.  We  have  two  or  three  washing-out  plants,  and  it  takes 
about  forty  minutes  from  the  time  we  start  until  the  plugs  are 
out.  We  put  in  hot  water,  and  there  is  steam  from  the  boiler 
wherever  the  hot  water  strike?.  If  we  use  hot  water  in  washing 
out,  at  a  temperature  of  140  degrees,  there  is  a  difference  between 
the  temperature  of  the  hot  water  and  the  temperature  of  the 
sheets  and  flues  of  about  200  degrees,  so  the  boiler  has  not 
cooled  down  in  the  twenty  minutes  at  all.  I  think  the  tempera- 
ture of  the  sheets  and  flues  is  up  to  350  degrees  at  the  time  the 
blow-off  is  completed.  The  result  of  this  is  that  when  we  start 
washing  out  there  is  a  portion  of  steam  wherever  the  water 
strikes.  We  have  had  no  trouble  with  that  and  I  would  like  to 
know  if  we  are  using  the  system  the  same  as  everybody  else. 
It  is  possible  that  a  series  of  small  local  contractions  do  less 
harm  than  a  heavy  contraction  caused  by  a  mass  of  cold  water 
at  the  bottom,  and  hot  water  at  the  top,  which  strains  the  boilers. 

Our  washing-out  plants  are  simple —  we  simply  use  one 
tank,  which  in  some  cases  we  have  connected  up  to  use  as  a  feed- 
water  heater  for  the  roundhouse  boilers,  and  make  an  economical 
arrangement,  and  the  washing  out  is  not  by  any  means  the.  one 
advantage  of  this  thing.  Time  after  time  one  may  desire  to  blow 
down  a  boiler  and  fill  it  up  quickly,  and  the  washing-out  system, 
with  its  separate  blow-off  line  leading  out  to  the  roundhouse, 
and  filling-ifp  line,  is  splendid. 
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We  have. a  system  in  which  we  use  three  lines,  one  hot- water 
line,  a  cold-water  line,  and  a  blow-off  line.  We  combined  the 
hot  and  cold  water  at  a  union  box  to  get  the  diflferent  tempera- 
ture, or  when  we  want  to  blow  off  we  have  the  hot  water  to  use 
for  filling  up.  That  is  a  great  convenience,  and  we  would  like  to 
have  it  at  all  our  terminals,  although  it  is  quite  an  expensive 
installation,  comparatively  speaking.  I  am  very  much  interested 
in  knowing  about  this  washing  out  with  hot  water,  whether  it  is 
possible  to  put  hot  water  into  the  boiler  the  moment  the  water  is 
blown  out,  without  cracking  the  sheets. 

T^E  President:  I  believe  Mr.  Ellis  has  a  lot  of  literature 
which  he  has  collected  in  regard  to  this  subject,  and  I  understand 
that  he  has  given  a  good  deal  of  time 'in  studying  the  subject  and 
we  would  like  to  hear  from  him. 

Mr.  J.  J.  Ellis  (C.  St.  P.  M.  &  O.  Ry.)  :  In  regard  to  wash- 
ing out  boilers  we  have  a  system  of  piping  in  our  roundhouse 
for  blowing  oflf  the  engines,  and  have  a  washing-out  system  in 
which  we  use  hot  water  from  130  to  140  degrees.  After  the 
engines  are  blown  off  we  allow  from  20  to  40  minutes  for  boilers 
to  cool  off  before  starting  to  wash.  This  works  all  right  and 
we  have  no  cracked  sheets.  I  do  not  believe  in  blowing  out  a 
boiler  and  washing  it  right  away.  I  believe  we  should  give  it  a 
reasonable  time  to  cool  off  to  insure  uniform  temperature. 

Mr.  Alfred  Lovell  :  In  reference  to  Mr.  Vaughan's  inquiry 
as  to  how  other  people  are'  using  the  hot-water  washing-out 
arrangement,  I  would  say  that  about  a  year  ago  I  was  instru- 
mental in  the  establishment  of  a  plant  of  this  kind  at  a  place 
where  very  large  engines  were  used,  some  of  the  largest  Decapod 
engines,  with  trailing  wheels. 

The  former  practice  was,  after  blowing  off  the  steam,  to  keep 
the  crown  sheet  covered  with  hot  water  and  introduce  cold  water 
through  the  check  valve,  until  the  water  was  cooled  down  to 
about  90  or  100  degrees,  before  withdrawing  the  water  and 
washing  out. 

My  instruction  after  installing  the  new  hot-water  system 
was,  to  continue  this  practice  of  cooling  down  the  boilers,  and  I    [ 

cool  them  until  there  was  no  more  difference  between  the  original 
temperatifre  and  the  washing-out  temperature,  than  there  was 
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originally  in  the  cold-water  method.  It  was  found  in  doing  this 
that  there  was  not  very  much  saving  in  time  by  the  hot-water 
method.  The  difference  in  cooling  down  from  350  degrees  to 
no  or  120  degrees,  which  is  about  as  hot  as  one  can  wash  out, 
is  not  very  different  from  cooling  down  from  350  degrees  to  60 
or  70  degrees,  so  that  the  time  actually  saved  in  washing  out  by 
that  method  was  not  very  great. 

We  then  adopted  the  method  which  Mr.  Vaughan  speaks  of, 
of  drawing  off  the  water,  and  immediately  washing  out  with  hot 
water,  as  hot  as  the  workmen  could  handle  in  the  hose,  about 
130  degrees.  That  method  has  worked  satisfactorily,  and  as  far 
as  I  know,  there  has  never  been  a  cracked  sheet;  up  to  six 
months  ago  there  had  not  been  one  and  the  system  had  been  in 
use  about  a  year.  This  method  of  washing  was  contrary  to  my 
ideas  of  what  would  be  best  for  the  boiler  sheets,  but  was  adopted 
as  a  standard  to  get  the  best  results,  or  greatest  saving,  by  the 
hot-water  washing-out  system. 

This  system  was  so  arranged  that  the  steam  was  blown  off 
through  some  brass  tubes,  in  some  heating  tanks,  which  heated 
the  water  for  filling  up  the  boilers.  Any  surplus  steam  went  to  a 
settling  tank  under  ground,  into  which  the  water  from  the  boilers 
was  run  out  through  an  underground  pipe,  after  the  steam  had 
been  blown  off.  The  steam  was  blown  off  through  these  heating 
tanks  first,  and  the  water  drawn  off  through  the  pits,  and  run 
into  the  settling  tank  under  ground.  The  washing-out  water  was 
pumped  back  out  of  the  settling  tank  to  wash  out  the  boilers. 
That  was  found  to  be  as  hot  as  the  workmen  could  use  it,  and  it 
was  necessary  at  times  to  use  cold  water  with  it  to  temper  it 
down.  After  a  boiler  was  washed  with  this  waste  water,  fresh 
water  was  taken  from  the  heating  tanks,  through  which  the  steam 
had  passed,  with  which  to  fill  the  boiler. 

I  think  by  the  old  method  of  washing  out,  it  took  from  7  to  10 
hours  to  cool  a  boiler  down,  wash  it  out,  fire  it  up  and  get  steam 
enough  to  get  it  out  of  the  roundhouse.  Under  the  new  arrange- 
ment, I  think  it  takes  2  hours  and  50  minutes  to  do  the  same 
work;   possibly  3  hours,  or  something  in  that  neighborhood. 

Mr.  Wildin  :    In  the  locality  where  I  am  at  present  we  wash 
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locomotive  boilers  once  every  thirty  days,  at  which  time  we  have 
to  test  the  stay  bolts  to  comply  with  the  law. 

I  would  like  to  inquire  of  these  gentlemen  who  have  spoken 
of  introducing  water  of  140  degrees  into  the  boiler  how  they 
handled  the  matter  in  case  of  stay-bolt  tests.  It  would  not  be 
necessary  for  us  to  wash  out  the  boilers  once  in  thirty  days  if 
we  did  not  have  to  test  the  stay  bolts  to  comply  with  the  law. 
The  advantages  of  the  hot-water  system  do  not  appeal  to  me  as 
completely  as  they  seem  to  appeal  to  other  gentlemen  who  are 
present. 

'  Mr.  Lovell  :  I  will  state  that  this  plant  I  have  reference  to 
was  located  where  the  boilers  required  washing  every  round  trip. 
It  was  a  bad-water  territory,  a  good  deal  of  alkali  in  the  water, 
and  it  was  necessary  in  one  direction  to  wash  out  every  round 
trip.  In  the  other  direction  some  of  the  engines  would  run  two 
round  trips,  but  not  always. 

Mr.  Curtis  :  I  think  there  can  be  no  doubt  about  the  advan- 
tages of  a  hot-water  washing-out  system.  It  is  also  my  opinion 
that  locomotive  boilers  should  not  be  cooled  any  faster  than  you 
can  cool  the  water  in  the  boiler.  There  ar.e  several  methods  of 
doing  this.  One  is  to  apply  injectors  and  work  them  until  they 
break  on  account  of  reduction  of  pressure.  And  then  we  prefer 
to  force  cold  water  in  on  the  hot  water  until  the  boiler  is  cooled 
under  pressure  to  the  atmospheric  pressure.  We  can  also  blow 
off  the  boiler  by  blowing  off  the  steam  and  then  introducing  the 
cold  water  into  the  hot  water.  It  is  my  opinion  that  to  put  hot 
water  into  a  hot  boiler,  as  Mr.  Vaughan  spoke  of,  is  wrong.  It 
produces  what  I  call  a  baking  process.  You  must  let  the  water 
go  down  in  the  boiler  and  what  mud  is  in  the  boiler  should  be 
allowed  to  settle.  If  you  do  not  do  this,  the  latent  heat  in  the 
metal  will  bake  this  mud  on  the  boiler  and  make  it  harder  to 
wash  out. 

To  obviate  this,  you  should  have  the  plugs  so  located  and  a 
set  of  blow-off  cocks  that  you  can  start  the  water  running  out  of 
the  bottom  of  the  boiler,  and  commence  to  wash  out  about  the 
time  the  water  recedes  to  the  height  of  the  top  of  the  crown 
sheet,  and  commence  to  wash  right  on  the  hot  water;  in  that 
way  you  will  find  the  mud  is  very  thin  and  easy  to  remove,  and 
M-11 
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as  the  water  recedes  in  the  boiler,  keep  washing  down  in  the 
boiler,  and  you  will  find  you  can  get  a  great  deal  more  of  the 
mud  out  of  the  boiler. 

As  to  the  care  of  locomotive  boilers,  I  wish  to  here  state 
some  facts,  and  not  an  opinion,  for  it  is  of  great  importance  to 
obviate  the  necessity  for  washing  out  boilers.  On  the  Louisville 
&  Nashville  Railroad,  between  Mobile,  Alabama,  and  .New 
Orleans,  Louisiana,  there  is,  brackish  water  and  it  is  necessary  to 
wash  out  the  boilers  every  round  trip,  about  every  280  miles,  and 
change  the  water  in  between  washouts.  Wo  applied  a  system, 
involving  the  use  of  about  seven  blow-out  valves  on  the  boiltr, 
and  the  introduction  of  boiler  oil,  and  we  now  have  found  it 
possible  to  run  these  engines  from  6,000  to  7,000  miles  between 
washouts,  when  using  this  blow-out  system  and  boiler  oil.  This 
water  does  not  contain  mud.  On  the  other  hand,  we  have, 
between  Louisville,  Kentucky,  and  Cincinnati,  Ohio,  water  that 
comes  from  the  rivers  and  clay  banks,  and  that  is  full  of  clay, 
and  the  boilers  require  washing  out  every  other  round  trip,  mak- 
ing a  washing  out  necessary  every  440  miles.  We  applied  the 
blow-off  system  and  introduction  of  oil  to  which  I  have  just 
referred  and  we  are*able  to  increase  the  mileage  of  these  loco- 
motives from  4,500  miles  to  6,000  miles  per  month  by  the  use  of 
this  blow-off  system. 

I  mention  this  because  it  is  something  which  may  be  of  inter- 
est to  you,  and  can  be  seen  any  day,  if  any  one  wishes  to 
investigate  it.  The  system  obviates  the  necessity  of  washing  out 
the  boiler  to  a  large  extent. 

Mr.  Sanderson  :  There  is  no  question  at  all  about  the  benefit 
of  using  hot  water  for  washing,  as  hot  as  the  men  can  stand 
handling  the  hose  pipe,  and  still  less  question  about  using  hot 
water  to  fill  up  with,  but  I  entirely  agree  with  Mr.  Curtis  in  what 
he  said  about  cooling  the  boiler  down.  The  great  American 
hurry-up  process  is  bound  to  get  us  into  trouble  if  we  do  not 
look  out.  I  will  illustrate  what  Mr.  Curtis  has  said  about  manu- 
facturing scale  in  the  boiler  to  give  you  trouble  where  you  have 
bad  water.  Most  of  us  are  familiar  in  passing  the  hurry-up 
American  restaurants  with  the  sight  of  a  nice-appearing  cook  in 
the  window,  with  a  white  apron  and  a  cap,  making  griddle  cakes 
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on  hot  plates.  If  they  are  not  particular  to  take  the  griddle 
cakes  off  at  the  right  moment  it  bums  on  the  iron.  When  there 
is  a  soft  sludge  on  the  inside  of  the  boiler  that  is  the  process 
which  occurs,  and  the  sludge  is  turned  to  scale  on  the  sheets,  and 
you  can  not  wash  it  off  afterward. 

It  may  be  wrong,  and  possibly  cause  trouble  to  turn  cold 
water  into  the  boiler  in  such  a  way  that  the  boiler  is  strained  by 
unequal  expansion  and  contraction,  but  that  can  be  overcome  by 
making  special  provision  for  distributing  the  water  through  the 
boiler,  or  doing  as  Mr.  Curtis  does,  and  I  believe  it  is  all  wrong 
to  attempt  to  wash  the  boiler  until  you  Wave  the  temperature  of 
the  metal  sheets  down  to  such  a  degree  that  the  mud  and  slime 
will  not  bum  onto  the  sheets.  You  can  not  wash  it  off  if  you 
do,  and  there  are  many  places  all  over  the  boiler,  especially  the 
flue  sheet,  where  you  can  never  reach  it  with  a  jet  of  water  with 
any  nozzle.  I  think  we  should  guard  against  manufacturing  scale 
in  the  boiler  where  you  have  water  which  will  produce  such 
conditions. 

Mr.  Gaines  :  In  reply  to  both  Mr.  Curtis  and  Mr.  Sander- 
son and  to  just  call  attention  briefly  to  a  method  I  am  using  for 
cooling  down  which  seems  to  give  very  good  results  after  the 
steam  has  been  blown  down  to  atmospheric  pressure,  I  may  say, 
that  I  take  a  stream  of  cold  water  and  put  it  into  the  boiler 
through  the  feed  pipe  and  continue  cold  water  running,  and 
removing  at  the  same  time  the  back-head  wash-out  plugs  located 
about  four  inches  above  the  crown  sheet,  until  the  cold  water 
comes  out  of  those  washout  plugs  above  the  crown  sheet.  When 
the  temperature  gets  down  so  that  a  man  can  put  his  hand  in,  say 
one  hundred  or  lower,  then  we  consider  it  safe  to  go  ahead  and 
empty  the  boiler  out. 

Mr.  Curtis  :  I  wish  to  say  something  in  addition  to  what  I 
have  been  talking  on  to-day.  I  have  bee^  surprised  to  find  in 
washing  out  with  this  method  of  cooling  the  boiler  down  with 
water,  that  the  crown  sheet  is  black  when  washed  with  water  on 
the  sheet,  but  if  you  allow  the  water  to  recede  before  you  wash 
the  crown  sheet  it  will  be  gray  or  muddy  colored,  showing  that 
the  baking  process  has  had  an  effect. 

Mr.  Henderson  :    I  .would  like  to  ask  Mr.  Bentley  one  more 
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question  regarding  that  plant  he  spoke  of.  That  is,  whether  the 
water,  when  it  was  let  out  was  blown  out  with  steam  pressure, 
or  did  they  let  the  pressure  off  the  engine  first?  In  other  words, 
did  they  relieve  the  engine  of  pressure  and  then  let  the  water 
merely  run  out  by  gravity,  or  give  it  a  forcible  blow-out  with 
steam  pressure  back  of  it. 

Mr.  Bentley  :  Mr.  President,  I  was  making  some  notes  with 
the  intention  of  answering  all  the  questions  that  are  raised  and 
the  points  that  are  brought  out,  to  close  the  paper,  if  that  will 
be  satisfactory  to  you. 

The  President:  If  there  is  no  further  discussion  we  are 
ready  for  you  to  proceed  now  on  that  basis. 

Mr.  Bentley  :  I  think  the  point  Mr.  Vaughan  brought  up  is 
a  very  good  one  to  consider.  There  is  no  doubt  but  that  the 
temperature  of  the  boiler  is  higher  than  the  temperature  of  the 
water  that  you  put  in  for  washing  out.  The  steam  mentioned  by 
Mr.  Vaughan  as  seen  issuing  from  wash-out  plug  holes,  when 
the  colder  water,  say  at  140  degrees,  was  turned  in,  was  really  not 
steam,  but  vapor,  but  I  have  known  of  places,  not  on  our  road, 
fortunately,  where  the  boiler  was  at  the  same  temperature  as  it 
would  be  when  the  steam  was  just  blown  off,  and  people  have 
actually  put  cold  water  in,  and  damage  was  done. 

A  temperature  of  140  degrees  for  wash-out  water  is  so  much 
better  than  other  methods  I  have  seen  used  (in  one  case  they  used 
cold  water,  forty  or  fifty  degrees),  and  I  am  heartily  in  favor  of 
anything  that  is  an  improvement  over  those  methods. 

I  think  the  time  mentioned  by  Mr.  Vaughan  for  taking  out 
the  wash-out  plugs,  twenty  minutes,  is  rather  high. 

Mr.  Loveirs  remarks  about  cooling  off  boilers,  I  think,  is 
practically  the  standard  method  on  most  roads;  to  inject  cold 
water  into  the  boiler  and  allow  hot  water  to  go  out  until  you 
finally  bring  the  temperature  down  so  that  you  can  remove  the 
plugs  and  wash  out  without  doing  any  harm.  But  all  of  that 
sort  of  thing  takes  time,  and  what  we  are  trying  to  do  now,  not 
at  the  present  time  particularly  but  in  busy  times,  is  to  try  and 
reduce  the  time  it  takes  to  do  some  of  those  things  that  are 
necessary.     Mr.  Wildin  speaks  about  not  having  to  wash  out. 
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Well,  we  are  not  so  fortunate  as  Mr.  Wildin.  It  frequently 
happens  that  we  have  to  wash  out  once  a  week  and  change  the 
water  twice  during  that  same  time,  in  some  of  our  bad-water 
territory.  If  I  were  Mr.  Wildin  I  would  find  out  from  the  New 
York  inspectors  whether  they  would  not  be  satisfied  with  an 
inspection  hole  in  the  stay  bolt  so  that  it  would  not  be  necessary 
to  let  the  steam  and  water  out,  but  inspect  the  stay  bolts  from  the 
outside. 

Mr.  Curtis  brings  out  points  about  certain  things  that  are  a 
little  foreign  to  the  committee's  work.  The  committee  was 
appointed  to  investigate  the  best  system  of  hot-water  washing 
out,  and  not  how  to  prevent  the  necessity  of  washing  out.  I 
believe  Mr.  Curtis  is  all  right  in  trying  to  do  away  with  the 
washing  out  of  boilers,  and  I  would  like  to  see  it  done,  if  pos- 
sible, but  your  committee  was  appointed  to  find  out  what  was  the 
best  way  to  wash  out  whdh  you  had  to  do  it. 

I  do  not  know  positively  whether  hot  or  cold  water  is  the  best 
for  the  removal  of  scale,  but  I  do  know  this, —  on  some  parts  of 
our  road,  places  with  which  Mr.  Mcintosh  is  very  familiar,  up 
in  Dakota,  we  have  found  that  with  the  cold  water  it  would 
make  no  impression  on  the  sediment  that  was  left  in  the  boiler, 
but  with  hot  water  it  would  cut  and  loosen  it  up  so  that  we  could 
wash  it  out  very  readily,  and  if  it  is  a  fact  that  hot  water  has  a 
greater  effect  on  certain  kinds  of  mud  or  scale,  it  seems  to  me 
that  it  is  a  very  great  thing  in  its  favor. 

Answering  Mr.  Henderson,  the  general  method  of  handling 
that  is  to  blow  the  steam  and  water  off  together,  so  as  to  reduce 
the  time.  It  gets  the  water  out  very  much  quicker  and  the 
engine  is  ready  for  washing  out  more  quickly  than  otherwise 
could  be  done. 

I  want  to  recommend  to  those  unfortunate  brothers  who  have 
to  wash  out  once  a  month  or  more,  that  they  have  large  blow-off 
cocks,  and  blow-off  connections,  so  that'  they  can  get  the  steam 
and  water  out  of  the  boilers  very  much  quicker  than  it  is  now 
done  at  some  points. 

Mr.  Wildin  :  Mr.  President,  I  appreciate  the  situation  Mr. 
Bentley  is  in  in  a  bad-water  district,  but  the  fact  is  that  the  law 
requires  us  to  provide  stay  bolts  of  8  inches  and  less  in  length 
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with  tell-tale  holes,  as  well  as  requiring  us  to  make  the  test  once 
a  month  and  submit  this  test  bearing  the  seal  of  a  notary  public. 
I  have  not  very  much  to  say  furth,er  than  that.     [Laughter.] 

The  President  :  Gentlemen,  I  wish  to  call  your  attention  to 
an  innovation  that  we  are  going  to  introduce  here  to-morrow 
morning.  It  has  been  somewhat  difficult  to  get  our  members 
around  on  time,  but  all  those  who  are  not  here  to-morrow 
morning  at  lo  o'clock  will  feel  exceedingly  sorry,  because  there  is 
going  to  be  a  photographer  here  to  take  a  picture  at  that  time, 
and  if  you  do  not  report,  we  will  know  all  about  it.  So  do  not 
forget.  Our  meeting  will  open,  of  course,  at  9 :  30  to-morrow 
morning  as  usual,  and  in  order  to  be  sure  about  that  picture,  get 
here  promptly. 

A  motion  to  adjourn  is  now  in  order. 

On  motion,  adjourned  until  9:30  Tuesday  morning. 
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TUESDAY'S    SESSION. 

President  Mcintosh  called  the  meeting  to  order  at  9 :  30 
o'clock  and  said : 

The  first  business  before  the  Association  this  morning  is  the 
presentation  of  the  report  of  the  Committee  on  Castle  Nuts, 
which  will  be  read  by  Mr.  J.  F.  DeVoy. 

Mr.  DeVoy:  Mr.  Chairman  and  Gentlemen:  The  chairman 
of  the  Committee  on  Castle  Nuts  has  asked  me  to  read  this  paper, 
and  I  want  to  say  before  I  start  that  the  greater  part  of  the  work 
was  done  by  Mr.  Kendig,  the  chairman  of  the  committee.  I  do 
not  know  but  that  perhaps,  as  far  as  my  service  on  the  committee 
is  concerned,  I  obstructed  the  work  more  than  I  did  any  good, 
so  that  the  real  burden  of  the  work  was  performed  by  Mr. 
Kendig.  I  do  not  think  it  is  necessary  to  take  your  time  to  read 
the  paper,  so  I  will  abstract  it.    The  paper  is  as  follows : 

REPORT  OF  THE  COMMITTEE  ON  CASTLE  NUTS. 

To  the  Members: 

Your  <JommiUee  appointed  to  consider  the  use  of  castle  nuts  for 
the  machinery  of  locomotives  with  a  view  of  having  some  standard  dimen- 
sions established  would  report  as  follows: 

Concerning  the  use  of  the  castle  nut  on  locomotives,  your  committee 
can  not  too  strongly  recommend  its  application  to  every  important  bolt 
on  the  locomotive  and  tender.  Reports  from  various  railroads  which  have 
made  extensive  use  of  the  castle  nut  on  locomotives  indicate  that  a  very 
appreciable  reduction  in  the  number  of  machinery  failures  is  only  one  of 
the  immediate  results  obtained. 

In  deciding  on  dimensions  for  the  castle  nut  it  was  thought  advisable 
to  consider  two  thicknesses  for  each  size  of  nut.  One  series  for  genera! 
use  and  which  could  be  applied  in  the  transition  period  to  bolts  already 
having  cotter  pins  for  retaining  the  U.  S.  standard  finished  nuts,  will  be 
referred  to  hereafter  in  this  report  as  the  "  castle  nut."  Another  series, 
which  in  the  larger  sizes  in  considerably  less  in  thickness  than  the  U;  S. 
standard  nut,  for  use  in  service,  such  as  on  valve  motion  ,parts,  or  other 
places  where  there  is  not  sufficient  clearance  to  apply  a  nut  of  full 
thickness,  or  where  the  strain  on  the  bolt  is  in  shear  and  in  consequence 
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there  is  no  direct  tension  on  the  nut,  will  hereafter  be  referred  to  as  the 
*"thin  castle  nut." 

Your  committee  took  up  the  question  with  the  various  Associations 
of  Automobile  Manufacturers  and  Street  and  Interurban  Associations 
to  learn  whether  any  attempt  to  standardize  the  castle  nut  had  been  made 
by  their  several  organizations.  It  developed  that  the  Association  of 
Licensed  Automobile  Manufacturers  had  already  adopted  standards  for 
castle  nuts,  but  as  their  standards  have  a  finer  thread  than  the  U.  S. 
standard  system  for  screw  threads  it  was  soon  found  that  their  standard 
could  not  be  harmonized  with  the  proportions  of  the  proposed  castle  nuts 
with  U.  S.  standard  thread.  The  other  associations  mentioned  have  not 
adopted  standards  for  castle  nuts,  and  your  committee  therefore  decided 
to  take  up  the  proposition  on  independent  lines. 

In  deciding  on  dimensions  for  castle  nuts  and  thin  castle  nuts  your 
committee  endeavored  to  follow,  as  far  as  practical,  the  proportions  of 
the  U.  S.  standard  hexagon  nut,  with  the  result  that  the  following  features 
common  to  the  U.  S.  standard  hexagon  nut  can  be  followed : 

The  style  of  nut  to  be  hexagon. 

The  width  across  flats,  or  short  diameter  of  hexagon,  to  be  same 
as  the  U.  S.  standard  dimensions  already  adopted  for  the  finished  hexagon 
nut  by  the  American  Railway  Master  Mechanics'  Association.  No  specific 
dimensions  will  be  recommended  for  diameter  across  flats  for  rough  nuts, 
other  than  that  these  should  be  practically  the  same  as  for  finished  nuts, 
simply  allowing  only  sufficient  additional  material  to  finish  by  grinding 
and  bufiing. 

Threads  to  be  U.  S.  standard  thread  and  number  of  threads  per  inch 
to  be  the  same  as  already  adopted  by  the  Association. 

There  are,  however,  a  number  of  large-sized  nuts  used  on  the  loco- 
motive, which,  on  account  of  clearances,  their  thickness  does  not  permit 
the  use  of  the  standard  number  of  U.  S.  threads,  and  with  the  coarser 
threads  there  is  a  liability  of  their  working  loose.  To  take  care  of  such 
cases  we  have  shown  on  Plate  No.  4  the  number  of  threads  per  inch  to  be 
used  on  this  class  of  nuts,  which  will  be  known  hereafter  as  the  "  special 

THIN   CASTLE   NUT." 

Number  of  castle  slots,  six;    cut  through  center  of  flats. 

Sizes  of  castle  nuts  and  thin  castle  nuts  considered:  ^  inch  to  2 
inches  advancing  by  eighths ;  2  inches  to  3^/2  inches  advancing  by  quarters. 

In  dcsigcning  the  castle  nut,  the  first  feature  for  consideration  is  the 
size  of  cotter  pin  or  taper  pin  to  be  used.     For  this  we  have  devised  the 

formula.    Diameter  =       "+- J^g    inches    (where    "D"  equals    diameter    of 

o 

screw),  using  the  nearest  commercial  size  of  cotter  pin  to  the  dimension 
found  by  the  formula. 

After  deciding  the  diameter  of  cotter  the  castle  slot  is  next  con- 
sidered, and  for  this  we  have  assumed  a  tolerance  of  1-32  inch  between 
each  side  of  the  cotter  pin  and  the  wall  of  the  castle  slot.     In  arriving 
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at  the  proper  depth  of  slot  we  have  assumed,  as  sufficient  for  com- 
mon practice,  a  depth  3-16  inch  greater  than  the  nominal  diameter  of 
cotter.  The  proportions  of  castle  slot  thus  selected  make  them  sus- 
ceptible to  any  method  of  manufacture,  either  milling,  pressing  or  punch- 
ing. 

Obviously  the  castle  nut  requires  in  the  bolt  or  stud  and  within  the 
castle  slot,  some  form  of  cotter  or  pin  to  prevent  the  nut  from  turning 
on  the  screw,  and  means  must  be  provided  to  insure  the  proper  location  of 
pin  hole  with  relation  to  depth  of  casHc  slot.  This  feature  will  be  covered 
by  a  minimum  distance  from  end  of  bolt  to  top  of  castle  nut  and  another 
dimension  locating  the  pin  hole  with  reference  to  end  of  bolt.  The 
dimension  of  cotter  pin  and  castle  slot,  also  dimensions  of  bolt  end  and 
location  of  cotter  pin  hole  in  bolt  will  be  the  same  for  both  the  castle 
nut  and  the  thin  castle  nut. 

After  deciding  on  the  standard  size  of  cotter  pins  to  be  used  and 
then  designing  the  castle  slot  to  correspond,  the  next  step  in  the  design 
of  the  nut  is  to  consider  its  thickness.  In  doing  this  we  assumed  the 
1 5^ -inch  nut  as  a  starting  or  generating  point.  Then  for  the  castle  nut 
^^-inch  is  added  to  the  thickness  of  U.  S.  standard  nut  and  for  the  thin 
castle  nut  54 "inch  was  deducted.  A  minimum  thickness  of  %-inch  for 
5'2-inch  castle  nut  is  required  to  give  the  proper  castle  slot  proportions 
for  the  size  of  cotter  selected.  From  this  conclusion  your  committee 
was  enabled  to  devise  a  straight  line  formula  for  the  thickness  of  the 
castle  nut  and  thin  castle  nut  (see  Plate  No.  i)  which  would  give  results 
corresponding  with  their  conclusions  as  to  the  proper  thickness  for  the 
J'2-inch  and  the  15/2-inch  sizes.  Intermediate  thicknesses  are  obtained 
from  the  formula.  Notice  that  thickness  of  the  castle  nut  increases  by 
increments  of  J^-inch  and  the  thin  castle  nut  by  increments  of  i-16-inch 
for  each  3/^-inch  step  in  size  of  nut  to  and  including  the  i^-inch  size. 
These  formulae  if  applied  to  the  3^-inch  castle  nut  would  give  a  thickness 
of  3^  inches,  and  if  applied  to  33/^-inch  thin  castle  nut  would  give  a 
thickness  of  2%  inches.  These  dimensions  were  considered  as  giving  a 
nut  entirely  too  heavy  and  were  therefore  arbitrarily  reduced  by 
^-inch  in  thickness,  making  the  35^ -inch  castle  nut  s%  inches  thick, 
and  the  thin  castle  nut  i^  inches  thick.  A  straight  line  formula  was 
also  devised  covering  the  tWickness  selected  for  the  i^-inch  and  3J^-inch 
sizes.  In  these  formulae  the  thickness  of  castle  nuts  above  the  i^-inch 
sizes  increases  by  increments  of  3-16  inch,  advancing  by  quarters,  and 
for  thin  castle  nuts  the  increment  of  increase  is  i -16-inch.  These  formulae 
give,  for  the  i^-inch  and  i^^s-inch  sizes,  a  thickness  in  which  a  thirty- 
second  dimension  is  necessary  to  express  the  thickness  and  to  avoid  this 
feature  the  next  higher  i-16-inch  dimension  is  used  instead  of  the 
dimension  found  by  the  formula. 

The  thickness  of  nuts  obtained  by  these  formulae  are  shown  graphic- 
ally on  Plate  No.  i,  the  full  line  giving  the  thickness  of  nut  over  all  and 
the  broken  line  giving  the  thickness  of  nut  below  castle  slot.    The  thick- 
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ness  of  U.  S.  standard  nut  is  given  for  comparison.  Notice  that  in  all 
the  formulae  your  committee  has  devised  for  the  castle  nut  that  the  equa- 
tions are  given  for  convenience  in  terms  of  the  diameter  of  screw. 

The  proportions  which  will  later  be  recommended  for  castle  nuts 
and  the  formulae  by  which  they  Were  obtained  is  shown  by  graphical 
relation  on  Plate  No.  2.  Likewise  Plate  No.  3  shows  graphically  the  rela- 
tion between  various  dimensions  of  the  thin  castle  nut.  Plate  No.  4  is 
a  table  showing  the  dimensions  for  various  castle  nuts  and  the  thin 
castle  nuts.  It  also  shows  the  formCilae  employed  in  deciding  these  dimen- 
sions and  results  obtained  i%pm  the  formulae.  By  comparing  the  latter 
dimensions  with  the  recommended  dimensions  it  will  be  found  that  your 
committee  has  eliminated  the  use  of  any  dimensions  in  thirty-seconds 
of  an  inch,  with  the  exception  of  the  facing  collar  on  bottom  of  finished 
nut,  which  is  to  be  i -32-inch  thick. 

Your  committee  wishes  to  submit  for  consideration  of  the  Assoda- 
tion  a  form  of  cotter  designed  by  Mr.  Player,  of  this  committee,  which 
overcomes  some  of  the  objectionable  features  of  the  common  cotter 
when  applied  to  the  castle  nut;  one  of  the  advantages  being,  that  when 
put  in  place  it  can  not  turn  around  at  will,  and  in  consequence  the  lia- 
bility of  its  rattling  loose  is  diminished.  Another  advantage  is,  that  a 
saving  in  the  length  of  cotter,  as  compared  with  the  common  cotter  pin,  is 
effected.  This  cotter  has  not,  to  the  knowledge  of  your  committee,  been 
patented  and  is  given  to  the  Association  with  the  idea  that  all  wh6  wish 
may  use  it. 

In  the  table  of  cotter  pins  (Plate  No.  4)  the  sizes  selected  all  appear 
in  the  manufacturers'  standard  list  of  spring  cotters.  While  the  practice 
is  not  general,  some  of  the  railroad  companies  are  using  a  taper  pin  in 
place  of  cotter  for  retaining  the  nut,  and  for  their  convenience  sizes  of 
taper  pins  to  be  used  in  connection  with  the  castle  nut  are,  given.  The 
various  sizes  and  lengths  specified  are  contained  in  the  manufacturers' 
list  for  taper  pins. 

In  giving  the  dimensions  for  end  of  bolt  it  was  thought  desirable 
to  show  proportions  of  bolt  with  ends  reduced  below  bottom  of  thread 
to  present  a  plain  surface  for  drilling  the  cotter  pin  hole.  This  is  not 
necessary,  however,  as  the  same  result  can  bd  obtained  by  filing  a  groove 
or  flat  to  start  the  drill.  On  account  of  the  necessary  reduction  of  thread 
bearing  and  its  consequent  reduction  in  holding  capacity  of  the  nut, 
reduced  bolt  end  should  not  be  used  with  the  thin  castle  nut,  but  instead 
the  thread  should  be  continued  to  the'  end  of  bolt.  In  preparing  the 
end  of  bolt,  so  as  to  give  protection  to  the  thread,  notice  that  the  end 
IS  shown  on  the  various  plates  preferably  faced  off  flat  for  a  distance  equal 
to  half  the  diameter  of  screw.  The  outer  surface  of  end  is  chamfered 
for  a  distance  equal  to  half  the  projection  of  bolt  above  nut. 

In  order  to  give  each  member  a  clear  conception  of  the  proportions, 
especially  the  thickness  of  castle  nut  and  thin  castle  nut  'recommended. 
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the  size  of  cotter  used  and  the  proportion  of  castle  slot,  your  committee 
has  prepared  Plate  No.  5,  which  shows  a  full  size  section  of  the  nut  embody- 
ing the  features  referred  to  above. 

Having  explained  the  manner  of  arriving  at  the  various  dimensions 
of  the  castle  nut  and  thin  castle  nut,  your  committee  would  make  the 
following  recommendations,  the  dimensions  for  each  of  which  is  given 
in  detail  on  Plate  No.  4,  "Recommended  Dimensions." 

1.  A  series  of  castle  nuts  having"  U.  S.  standard  thread  with  dimen- 
sions as  shown. 

2.  A  series  of  thin  castle  nuts  having  U.  S.  standard  thread  with 
dimensions  as  shown. 

3.  A  series  of  special  thin  castle  nuts  having  outward  proportions 
the  same  as  thin  castle  nuts,  but  having  special  number  of  U.  S.  threads, 
as  shown. 

4.  Fim'shed  castle  nuts  to  have  diameter  across  the  flats  as  shown. 
Rough  nuts  to  be  from  1-64  to  1-32  greater  distance  across  the  flats  than 
the  finished  nuts,  to  provide  for  finishing  by  grinding  and  buffing. 

5.  Finished  nuts  to  have  facing  washer  on  bottom  with  dimensions 
as  shown.    Rough  nuts  to  have  bottom  corner  slightly  chamfered. 

6.  A  series  of  standard  cotter  pins  with  dimensions  as  shown. 

7.  A  series  of  Player  cotter  pins  with  dimensions  as  shown. 

8.  A  series  of  taper  pins  with  dimensions  as  shown. 

9.  Bolt  ends  projecting  beyond  the  bolt  with  cotter-pin  hole  loca- 
tion as  shown. 

Respectfully  submitted, 

R.  B.   Kendig     (Chairman), 

J.  F.  DeVoy, 

H.   P.   Meredith, 

John  Player, 

j.  n.  mowery, 

G.  S.  Edmonds, 

Committee. 
May  16,  1908. 

The  President:  Gentlemen,  we  will  consider  this  report 
before  you  for  discussion.  This  is  a  subject  of  importance,  for 
we  have  all  realized  difficulty  in  keeping  nuts  in  place.  While 
there  are  a  good  many  methods  of  accomplishing  this  feature, 
there  are  some  that  are  better  than  others. 

Mr.  Bentley:  I  think  the  report  is  very  carefully  worked 
up,  and  is  a  credit  to  the  committee.  In  looking  it  over  it 
occurred  to  us  that  on  nuts  in  size  from  2  inches  up,  with  4j/$ 
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threads  per  inch,  two  holes  should  be  drilled  through  bolt  so  as 
to  allow  of  finer  adjustment,  but  with  nuts  under  2  inches  or  on 
special  nuts  of  larger  size,  with  fine  threads,  one  hole  would  be 
sufficient.  To  move  nuts  1-6  of  a  turn  on  3J^-inch  size  (3^ 
threads  per  inch)  it  would  mean  nut  traveling  .0513  inches,  or 
nearly  1-16  of  an  inch. 

On  larger-sized  nuts  with  standard  thread,  would  suggest 
that  slot  be  made  J4  inch  deeper  than  diameter  of  cotter  pin,  as 
we  find  that  on  a  3j/2-inch  nut  (with  3j4  threads  to  the  inch), 
with  J/2-inch  pin  1-16  inch  from  bottom  of  slot,  that  by  turning 
one  revolution  of  nut  it  would  travel  5-16  inch  and  the  center  of 
the  cotter  pin  would  only  be  1-16  inch  below  top  edge  of  nut. 

Mr.  Gibbs:  Mr.  President,  what  have  the  manufacturers 
done  in  meeting  this  committee?  Granting  that  this  is  adopted, 
have  any  of  the  manufacturers  agreed  to  make  these  upon  any 
terms?  I  went  to  see  some  of  the  manufacturers  and  they  did 
not  know  anything  about  castle  nuts,  and  had  no  standards,  and 
in  fact  could  not  even  tell  me  whether  there  was  a  standard. 
Possibly  the  committee  can  tell  us  something  about  that. 

Mr.  DeVoy  :  I  can  only  answer,  as  far  as  I  am  concerned, 
that  the  Milwaukee  Road  is  making  them  now  on  a  forging- 
machine,  in  our  shop.  The  National  Automobile  Manufacturers' 
Association  is  making  them.  They  can  be  made  anywhere.  I 
believe  the  Lake  Shore  Road  is  making  them  in  a  different 
manner. 

Mr.  H.  p.  Meredith  (Penn.  R.  R.)  :  Mr.  President  and 
members :  In  talking  with,  Sa  representative  of  the  Russell,  Bird- 
sail  &  Ward  Bolt  and  Nut  Company,  of  Port  Chester,  N.  Y., 
about  castle  nuts,,  he  told  me  that  they  were  prepared  to  make 
them,  and  they  were  simply  sitting  down  and  waiting  until  some 
standard  v/as  adopted  by  the  railroads.  As  far  as  we  have 
found  out,  in  working  up  our  report,  there  are  about  eight 
standards  for  castle  nuts.  The  J.  G.  Brill  people  use  one  stand- 
ard, the  American  Locomotive  Company  another.  The  Lake 
Shore  &  Michigan  Southern  have  something  that  they  were 
shooting  at  as  an  experiment.  They  had  adopted  a  standard  ; 
and  the  Navy  Department  had  used  some  few  nuts  which  were 
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bought  from  the  Russell,  Birdsall  &  Ward  Company,  and  other 
concerns  have  their  own  standards.  So  there  are  several  stand- 
ards, and  the  manufacturers  say  they  are  ready  to  make  any 
design  of  castle  nut  as  soon  as  a  standard  is  laid  down.  They 
have  made  a  good  many  nuts  for  the  Licensed  Automobile  Asso- 
ciation, which  has  a  standard  that  would  not  suit  railroad  work. 

The  President  :  While  we  are  using  castellated  nuts  to  some 
extent  on  our  road,  I  am  free  to  confess  that  I  do  not  know 
where  we  get  them.  Mr.  Flory,  can  you  give  us  any  information 
on  the  castellated  nut  question  about  their  efficiency  or  other- 
wise? 

Mr.  B.  p.  Flory  (C.  R.  R.  of  N.  J.)  :  We  have  had  a  few 
castle  nuts  from  the  Russell,  Birdsall  &  Ward  Nut  Company,  and 
are  trying  them  out  now.  We  did  not  get  up  any  design  for  them, 
simply  took  what  they  furnished  us  as  their  standard  nut,  or 
what  they  considered  their  standard  at  that  time. 

The  President:  Is  there  any  further  discussion  on  this 
subject,  gentlemen? 

Mr.  Gaines  :  I  am  not  quite  clear,  from  the  closing  remarks 
of  the  committee,  whether  this  question  is  supposed  to  be  put  up 
to  letter  ballot  for  a  standard  or  not,  but  if  there  is  any  doubt 
about  it,  I  would  like  to  make  a  motion  that  it  should  be.  I  think 
we  should  come  to  some  standard  in  regard  to  castle  nuts.  We 
buy  engines  from  different  engine  builders,  and  each  one  at  the 
present  time  has  a  different  idea  as  to  the  castle  nut,  a  difference 
not  only  as  regards  thickness,  but  as  to  the  kind  of  cotter  and 
kind  of  slot. in  the  end  of  the  nut,  and  I  think  it  is  important 
that  the  castle  nut  should  be  brought  to  a  common  standard. 

Mr.  C.  a.  Seley:    I  second  the  motion. 

Mr.  Meredith  :  I  think  the  Baldwin  Locomotive  Works  and 
the  American  Locomotive  Company  have  applied  the  castle  nuts 
to  a  good  many  locomotives  which  they  built,  and  I  think  it  would 
be  a  good  thing  for  us  to  hear  from  some  of  the  locomotive 
builders  on  the  question,  and  see  what  they  have  to  say,  and  what 
they  consider  as  a  desirable  standard.  I  know  they  have  built 
some  locomotives  for  our  lines,  and  have  built  some  locomotives 


Digitized  by  VjOOQIC 


174 

for  other  lines  in  the  country,  equipped  with  castellated  nuts,  and  , 
they  may  like  to  have  something  to  say  on  the  subject,  to  bring 
the  various  features  of  the  question  before  the  members  of  the 
Association. 

Mr.  Vaughan  :  We  use  what  the  committee  calls  castle  nuts, 
in  place  of  castellated  nuts,  which  I  believe  will  be  a  good  term 
for  us  to  adopt,  as  it  is  a  comparatively  short  term,  and  will  be  a 
suitable  one  for  use  in  the  future.  We  use  this  nut  very  exten- 
sively, and  consider  it  the  best  and  most  practicable  form  of  lock 
nut  for  locomotive  use.  We  have  our  own  standards,  but  I  think 
the  establishment  of  a  standard  like  this  by  the  American  Railway 
Master  Mechanics'  Association  would  be  valuable  not  only  to  the 
railroads,  but  to  the  manufacturers  of  bolts  and  nuts,  but  I  would 
suggest  that  to  make  this  a  standard  immediately  would  be  rather 
a  serious  matter.  It  appears  to  me  it  might  be  more  satisfactory 
to  pass  a  resolution,  making  this  a  recommendation  of  the  Asso- 
ciation, recommended  practice  for  a  year,  so  that  at  the  end  of 
that  time,  we  could  find  out  if  any  objection  is  raised  to  the  sizes 
or  dimensions  mentioned  in  this  report.  I  believe  firmly  that  a 
standard  of  castle  nuts  is  required.  We  make  them  partly  in  the 
forging  machine,  but  more  often  in  the  milling  machine,  as  on 
small  nuts  we  have  found  more  or  less  difficulty  in  getting  a 
sufficiently  good  job  in  the  forging  machine  with  the  small  cotters, 
and  it  strikes  me  as  a  class  of  article  that  requires  special 
machinery  developed  to  manufacture  it,  and  that  it  is  one  that 
will  probably  go  into  the  hands  of.  the  manufacturing  concern 
rather  than  the  railroads,  who  can  hardly  equip  themselves  with 
the  necessary  machinery  to  make  the  nuts  cheaply  in  limited 
quantities. 

I  would  like  to  propose  an  amendment  that  this  Association 
recommends  the  dimensions  of  castle  nuts  formulated  in  this 
report  for  use  by  its  members  during  the  coming  year,  with  the 
view  of  adopting  them  as  standard  if  they  are  found  satisfactory, 
and  I  believe  the  committee  should  be  continued  for  a  year,  to 
get  in  touch  with  manufacturers  of  castle  nuts,  and  with  other 
parties  with  a  view  to  establishing  them  as  a  regular  standard  at 
the  end  of  the  year,  if  nothing  develops  to  the  contrary.  I  offer 
that  as  an  amendment  to  the  motion  which  has  been  made. 
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Mr.  Wildin  :    I  second  the  amendment. 
Mr.  Gaines  :    I  accept  the  amendment: 

The  President:  The  motion  Js  now  that  the  castle  nuts 
reported  by  the  committee  be  adopted  as  recommended  practice 
for  one  year,  and  that  the  committee  be  continued. 

Motion  carried. 

The  President:  The  next  subject  is  the  report  of  the 
Committee  on  the  Apprenticeship  System.  Mr.  C.  W.  Cross" 
is  the  chairman  of  the  committee. 

Mr.  Cross  read  the  report  as  follows : 


REPORT  OF  THE  COMMITTEE  ON  THE  APPRENTICESHIP 

SYSTEM. 

To  the  Members: 

Your  committee,  recognizing  the  fact  that  there  is  a  wide  difference  in 
organization  and  local  conditions  as  to  available  material  and  facilities 
for  instruction,  considers  that  a  hard-and-fast  general  apprenticeship 
code  is  impracticable,  and,  therefore,  suggests  the  discarding  of  the  code 
adopted  in  1898  and  the  substitution  of  basic  principles  rather  than  a 
formal  code. 

PRINaPLES. 

To  assure  the  success  of  the  apprenticeship  system,  the  following 
principles  seem  to  be  vital,  whether  the  organization  is  large  or  small : 

First:  To  develop  from  the  ranks  in  the  shortest  possible  time,  care- 
fully selected  young  men  for  the  purpose  of  supplying  leading  workmen 
for  future  needs,  with  the  expectation  that  those  capable  of  advancement 
will  reveal  their  ability  and  take  the  places  in  the  organization  for  which 
they  are  qualified. 

Second:  A  competent  person  must  be  given  the  responsibility  of  the 
apprenticeship  scheme.  He  must  be  given  adequate  authority,  and  he  must 
have  sufficient  attention  from  the  head  of  the  department.  He  should 
conduct  thorough  shop  training  of  the  apprentices,  and,  in  close  connec- 
tion therewith,  should  develop  a  scheme  of  mental  training,  having  neces- 
sary assistance  in  both.  The  mental  training  should  be  compulsory  and 
conducted  during  working  hours,  at  the  expense  of  the  Company. 

Third:  Apprentices  should  be  accepted  after  careful  examination  by 
the  apprentice  instructor. 

Fourth:  There  should  be  a  probationary  period  before  apprentices 
are  finally  accepted;    this  period  to  apply  to  the  apprentice  term  if  the 
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candidate  is  accepted.  The  scheme  should  provide  for  those  candidates 
for  apprenticeship  who  may  be  better  prepared  as  to  education  and  experi- 
ence than  is  expected  of  the  usual  candidate. 

Pifth:  Suitable  records  should  be  kept  of  the  work  and  standing 
of  apprentices. 

Sixth:    Certificates  or  diplomas  should  be  awarded  to  those  success- 
fully completing  the   apprentice  course.     The   entire   scheme   should  be 
planned  and  administered  to  give  these  diplomas  the  highest  possible  value- 
Seventh:     Rewards  in  the  form  of  additional  education,  both  manual 
and  mental,  should  be  given  apprentices  of  the  highest  standing. 

Eighth:  It  is  of  the  greatest  importance  that  those  in  charge  of 
apprentices  should  be  most  carefully  selected.  They  have  the  responsi- 
bility of  preparing  the  men  on  whom  the  roads  -are  to  rely  in  the  future. 
They  must  be  men  possessing  the  necessary  ability,  coupled  with  apprecia- 
tion of  their  responsibilities. 

Ninth:  Interest  in  the  scheme  must  begin  at  the  top,  and  it  must 
be  enthusiastically  supported  by  the  management. 

Tenth:  Apprenticeship  should  be  considered  as  a  recruiting  system, 
and  greatest  care  should  be  taken  to  retain  graduated  apprentices  in  the 
service  of  the  Company. 

Eleventh:  Organization  should  be  such  as  graduated  apprentices 
can  afford  to  enter  for  their  life-work. 

For  the  purpose  of  obtaining  data  as  to  the  conditions  on  various 
roads  of  the  country,  information  was  secured  which  is  summarized  as 
follows : 

1.  A  shop  plant  for  the  purpose  of  this  report  is  one  in  which  general 
repairs  of  locomotives  or  cars  are  made.  Fifty-five  roads  report  301 
shop  plants  having  apprentices. 

2.  Fifty-five  roads  report  67  shop  plants  in  which  there  are  no 
apprentices. 

3.  Fifty-five  roads  report  a  total  of  7,053  apprentices  in  shop  plants. 

4.  Fifty-five  roads  report  apprentices  in  each  trade  as  follows : 

Machinists    4814  Molder    82 

Boilermakers    952  Electrician    14 

Blacksmiths    311  Painter    137 

Patternmaker    64  Upholsterer    27 

Cabinetmaker    22  Carpenter    249 

Tinner-pipefitter    365 

5.  Reports  from  fifty-five  roads  show  the  average  ratio  of  appren- 
tices to  mechanics  in  each  trade  to  be  as  follows : 
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Machinists    i  to    4.8 

Boilermakers    i  to    6.8 

Blacksmith    i  to  13.9 

Pattermnaker    i  to    3.3 

Cabinetmaker    i  to  23.3 

Tinner-pipefitter    i  to    5.1 


Molder    i  to    8.2 

Electrician    i  to    8.6 

Painter    i  to  19.2 

Upholsterer    i  to  11 .3 

Carpenter   i  to  72.4 


6.  The  majority  of  replies  indicate  difficulty  in  securing  apprentices 
in  some  of  the  trades,  but  no  difficulty  in  others.  A  few  replies  state  no 
difficulty  in  securing  apprentices.  This  is  apparently  due  to  local  con- 
ditions. 

7.  Out  of  a  total  of  fifty-five  replies,  ten,  or  18.2  per  cent,  indicate 
special  instruction  in  trades  is  given  apprentices.  Forty-five  replies,  or 
81.8  per  cent,  do  not  provide  for  special  instruction. 

8.  Out  of  a  total  of  fifty-five  replies,  sixteen,  or  29  per  cent,  indicate 
an  established  school  system  and  thirty-nine,  or  70.9  per  cent,  have  no 
school  system. 

9.  Out  of  a  total  of  fifty-five  replies,  thirty-nine,  or  70.9  per  cent, 
have  apprentices  and  no  school  system,  and  eight  roads  state  that  they 
intend  to  establish  such  a  system. 

10.  Eighteen  replies  favor  day  schools  and  three,  or  14.3  per  cent, 
favor  night  schools  out  of  a  total  of  twenty-one  replies. 

II. .  Fifteen  replies  show  thirty-seven  schools  with  1,567  apprentices 
attending.    The  majority  of  the  schools  were  recently  established. 

12.  Of  the  above  schools,  twenty-eight  are  held  in  working  hours  and 
nine  are  held  in  the  evening. 

13.  Of  the  above  schools,  thirty- four  are  compulsory  and  three  are 
optional. 

14.  Out  of  fifty-five  roads,  twelve  pay  the  apprentices  for  time  spent 
in  school. 

15.  Modern  apprenticeship  training  has  been  introduced  in  seventeen 
shops  on  four  roads  with  506  apprentices  since  the  convention  of  June, 
1907.  The  following  roads  and  systems  of  roads  have  made  substantial 
progress  in  this  work. 

No. 
Apprs.    Estab. 

Omaha    71      9-1-06 

Cheyenne    21     12-1-07 

St.  Thomas   36     12-1-07 

3^3         1908 

Knoxville,  Tenn 1907 

Spencer,  N.  C 1907 

Green   Isle ) 

Oneonta >  86         1907 

Carbondale    1 


Union  Pacific   i  school. 

I       " 

Michigan  Central  i       " 

Santa  Fe 10  schools. 

Southern  Railway  i  school. 

I       " 

Delaware  &  Hudson. . .  .3  schools. 
M-12 


I 
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Substantial  progress  has  also  been  made  on  roads  having  schools 
previously  established,  on  the  Grand  Trunk  Ry.,  Central  R.  R.  of  N.  J., 
Boston  &  Maine  R.  R.,  Union  Pacific  R.  R.,  Minneapolis,  St.  Paul  &  Sault 
Ste.  Marie  R.  R.  and  New  York  Central  Lines. 

The  Canadian  Pacific  R.  R.  and  the  Erie  R.  R.  advise  they  intend 
to  install  the  improved  plan  of  apprenticeship  during  the  present  year. 
Other  important  roads  have  the  subject  under  contemplation. 

These  replies  cover  apprenticeship  which  is  both  new  and  old,  some  of 
the  statements  coming  from  roads  of  many  years*  experience. 

The  new  apprenticeship,  which  combines  instruction  in  the  trade  with 
mental  training,  is  progressing  rapidly  on  railroads,  as  described  in 
answers  to  Question  15. 

The  results  of  these  questions  show  how  large  a  field  is  available 
for  the  new  apprenticeship,  as  well  as  illustrating  the  extent  of  the  present 
development. 

Your  committee  believes  that  the  strongest  part  of  this  report  is 
embodied  in  the  practical  exhibit  of  apprentice  training  and  methods 
in  Booth  No.  67  on  the  pier,  which,  it  is  hoped,  every  member  will  take 
opportunity  to  visit.  This  exhibit  illustrates  the  development  of  the 
several  roads  in  this  matter  up  to  date.  The  exhibit  is  worthy  of  most 
careful  study,  and  your  committee  believes  that  the  exhibit  itself  speaks 
in  a  far  more  definite  and  practical  way  of  the  details  of  the  methods 
which  are  being  employed  than  could  possibly  be  put  into  words  in  even 
a  very  long  report. 

Your  committee  recommends  that  the  Association  provide  an  appro- 
priation for  establishing  an  exhibit  of  apprentice  training  to  be  a  feature 
of  each  convention. 

Your  committee  wishes  to  gratefully  acknowledge  the  cooperation 
of  the  Railway  Supply  Manufacturers*  Association  in  making  the  present 
exhibit  possible. 

An  appendix  to  this  report  shows  the  present  state  of  apprenticeship 
training  in  England. 

It  has  often  been  said  that  apprenticeship  is  a  thing  of  the  past.  This 
certainly  is  not  true  of  American  railroads  to-day,  where  a  new  appren- 
ticeship has  sprung  up  and  has  attained  a  healthy  growth  with  brightest 
promise  for  the  future.  Your  committee  does  not  hesitate  to  characterize 
the  new  apprenticeship  as  the  most  important  influence  introduced  into 
railroad  organizations  during  the  present  generation.  This  development 
is  sure  to  be  rapid,  requiring  great  wisdom,  combined  with  conscien- 
tious and  systematic  efforts  in  its  control.  We  believe  this  movement 
will  become  the  most  powerful  influence  in  supplying  and  preparing 
the  men  of  the  future  for  the  motive  power  departments  (and  perhaps 
other  departments)  of  American  railroads;    because  the  movement  trains 
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men  in  the  ideal  way,  and  because  men  properly  prepared  for  their  work 
constitute  our  greatest  problem  to-day. 

C.  W.  Cross,  Chairman, 
B.  P.  Flory, 
G.  M.  Basford, 

A.   W.   GlBBS, 

John  Tonge, 

W.    D.   ROBB, 

F.  W.  Thomas, 

Committee. 
New  York  City,  May  15,  1908. 

This  report  is  unanimous,  except  that  in  principle  No.  2  Mr.  Robb 
favors  evening  classes  at  the  expense^  of  the  Company  instead  of  day 
classes.  \       'A^ 
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APPENDIX  TO  REPORT  ON  "  THE  APPRENTICESHIP 

SYSTEM." 


RECENT  PROGRESS  OF  APPRENTICE  TRAINING  IN 
ENGLAND. 

Manufacturers  and  railroad  managers  in  Great  Britain  have  long 
been  alive  to  the  apprentice  situation  and  have  developed  a  number  of 
successful  systems  embodjring  advanced  and  novel  ideas.  The  subject 
has  been  given  more  careful  consideration  and  fuller  discussion  than 
in  this  country  and  that  more  general  results  have  not  thus  far  been 
produced,  is  probably  due  to  the  natural  conservatism  of  an  older  com- 
munity and  to  the  hereditary  idea  of  class  or  caste,  evidenced  in  the 
retention  of  many  firms  of  the  premium  apprentice,  a  young  man  paying 
for  the  opportunity  Of  entering  the  shop  and  usually  given  special  privi- 
leges in  learning  the  business.  There  still  remain  also  in  many  cases 
long  term  apprenticeships  of  from  five  to  seven  years. 

The  British  system  of  evening  technical  schools  is  such  that  each 
manufacturing  center  may  be  said  to  have  its  "Cooper  Union."  These 
district  technical  institutes,  as  they  are  called,  are  usually  maintained 
jointly  by  grants  from  the  Educational  Board,  by  railroads  and  manu- 
facturers, and  to  a  small  extent  by  the  nominal  fees  charged  for  instruc- 
tion.   The  use  of  such  schools  by  firms  having  apprentices  is  quite  general. 

Several  establishments  make  it  a  practice  to  excuse  apprentices  for 
six  months  of  each  year  for  attendance  at  day  technical  schools,  crediting 
the  time  lost  on  the  apprentice  term,  but  it  should  be  remembered  that 
in  such  cases  the  apprenticeship  is  u.»:ually  seven  years.  Both  railroads 
and  manufacturers  appear  to  be  united  in  placing  emphasis  on  the  value 
of  technical  education,  and  the  offering  of  prizes  for  high  scholarship 
in  evening  classes  is  a  common  practice. 

The  Lancashire  &  Yorkshire  Ry.  has  built  a  mechanics*  institute  at 
Horwich,  a  point  which  is  the  location  of  large  shops.  Apprentices  are 
supposed  to  attend  evening  classes  at  a  nominal  fee,  and  as  a  reward  for 
progress,  thirty  boys  arc  selected  each  year  for  free  instruction  during 
Company  time  for  two  half-days  per  week.  The  teachers  are  mainly 
from  the  Railway  Company  and  the  character  of  the  instruction  is  such 
that  many  outsiders  take  the  courses,  paying  increased  fees. 

The  Great  Western  Ry.  has  day  and  evening  coursed  with  engineering 
and  trade  classes  in  the  local  technical  school  at  Swindon.  About  forty- 
five  per  cent  of  the  apprentices  attend  these  classes.  After  one  year  in 
«hop,  apprentices  may  compete  for  day  scholarships,  consisting  of  instruc- 
tion for  two  half-days  weekly  extending  over  twenty-six  weeks  per 
vear   for  three  years,  the  railroad  paying  wages   for  the  time  spent  at 
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school,  also  the  school  fee.  The  subjects  taught  are  practical  mathematics, 
practical  mechanics,  geometrical  and  machine  drawing,  heat,  electricity 
and  chemistry.  The  number  of  scholarships  at  any  one  time  is  limited 
to  thirty.  In  addition  a  limited  ntmiber  of  apprentices  arc  allowed  to 
attend  day  classes,  two  afternoons  per  week  of  three  hours  each,  without 
pay,  and  paying  their  own  school  fee.  Apprentices  taking  full  evening 
courses  have  the  liberty  of  being  late  for  shop  the  following  morning. 

For  over  sixty  years  the  London  &  Northwestern  Ry.  has  maintained 
the  Mechanics'  Institute  at  Crewe,  where  out  of  a  population  of  45,000 
there  are  8,500  men  in  the  railroad  shops  and  roundhouses,  besides  many 
in  other  departments.  Schooling  is  optional  except  with  electrical  appren- 
tices, who  are  paid  wages  for  one  afternoon  per  week  instruction.  Prizes 
are  offered  by  the  Company  for  progress  in  evening  classes,  which  are 
taught,  as  a  rule,  by  employees.  The  classes  are  open  to  outsiders,  but 
employees  are  admitted  at  reduced  fees. 

One  of  the  latest  movements  among  manufacturers  is  that  of 
Messrs.  Clayton  &  Shuttleworth,  who  in  February,  1907,  decided  "to 
graft  the  advantages  of  the  bygone  system  upon  the  so-called  factory 
system  of  modern  times."  The  aim  was  first  to  supplement  shop  work 
with  courses  of  instruction  directly  bearing  on  the  work  in  the  shops; 
and  second,  to  give  all  deserving  apprentices  a  varied  shop  experience. 
The  movement  through  the  shops  was  to  depend  on  the  proficiency  of  the 
apprentices.  The  firm  was  to  maintain  its  own  school  in  working  hours, 
furnishing  books  and  material  free.  A  superintendent  was  to  give  full 
time  to  the  apprentices.  The  apprentice  regulations  allow  apprentices 
to  enter  between  the  ages  of  fifteen  and  twenty-two  —  sixteen  to  eighteen 
preferred  —  and  offer  a  choice  of  eight  trades.  Machinists  and  pattern- 
makers entering  at  eighteen  serve  three  years.  Molders,  blacksmiths 
and  boilermakers  entering  at  eighteen  serve  four  years.  Schooling  is 
compulsory  in  all  cases.  The  aim  is  to  make  mechanics,  but  those  showing 
ability  to  go  higher  will  be  given  the  opportunity.  After  twelve  months 
of  operation  with  fifty  apprentices,  the  management  reports  slightly 
increased  cost  of  production,  but  expects  compensation  in  future  benefits. 

Another  interesting  system  is  that  of  Messrs.  Brunner,  Mund  &  Co., 
who  in  1884  started  voluntary  evening  class  attendance  at  the  public 
school,  but  soon  made  the  attendance  compulsory  and  offered  prizes  to 
those  attending  seventy-five  per  cent  of  the  time.  In  1904  school  attend- 
ance was  made  compulsory  for  nine-tenths  of  the  possible  evening  classes, 
and  the  rule  was  made  to  apply  not  only  to  apprentices  but  to  other 
employees  under  nineteen.  Since  1905,  apprentices  with  three  years' 
good  record  in  evening  class  have  been  given  two-year  day  courses  —  two 
afternoons  a  week  under  full  wages.  The  report  states  that  "this  system 
was  not  commenced  as  a  work  of  philanthropy,  but  as  a  matter  of  busi- 
ness." The  work  manager  says:  "Up  to  the  present  we  have  gained 
'^i)  a  better  understanding  of  mechanical  drawing,  (2)  greater  ability 
in  setting  up  work.     Up  to  a  few  years  ago,  few  mechanics  understood 
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a  drawing  —  now  many  of  our  lads  show  great  ability  in  hand  sketching, 
placing  their  measurements  on  paper  in  an  understandable  form.  It  used 
to  be  the  most  difficult  of  all  things  to  teach  an  apprentice  to  set  up  his 
work,  but  now  in  many  cases  it  comes  to  him  naturally.  I  consider  that 
our  younger  generation  of  mechanics  show  a  marked  improvement  both 
in  ability  and  keenness  for  work,  and  it  is  a  pleasure  to  deal  with  many 
of  them  on  account  of  the  interest  they  display.''  • 

Out  of  a  list  of  fifteen  limis  described  in  recent  issues  of  the  Engineer 
(London),  seven  make  a  practice  of  sending  the  most  promising  boys 
while  under  pay  and  at  the  Company's  expense  to  day  classes  for  one  or 
two  days  per  week.  The  classes  in  most  cases  are  at  neighboring  tech- 
nical schools  and  the  selection  of  apprentices  for  the  day  scholarships 
is  usually  based  on  competitive  work  in  the  evening  classes.  Eleven  of 
the  fifteen  manufacturers  advise  apprentices  to  attend  evening  classes 
and  three  make  such  attendance  compulsory.  When  an  English  firm 
intends  to  pay  the  school  fees  the  accepted  method  appears  to  be  for  the 
apprentice  to  first  pay  the  fee  and  later  be  reimbursed  by  the  firm  if  he 
makes  satisfactory  progress  or  attends  a  sufficient  percentage  of  classes. 

Several  grades  or  classes  of  apprentices  are  maintained  by  the  British 
Westfnghouse  Co.  and  by  Yarrow  &  Co.,  including  a  special  classification 
for  technical  graduates. 

The  North-East  Coast  Institution  of  Engineers  &  Ship  Builders  have 
recommended  a  system  of  marks  for  apprentices,  to  include  the  attendance, 
industry  and  advancement  in  evening  study,  and  the  behavior  and  effi- 
ciency in  the  shop.  Those  apprentices  reaching  a  given  percentage  of 
marks  are  rewarded  by  increased  wages  and  by  special  opportunities 
for  advancement.  The  scheme  is  designed  to  foster  self-help  and  has 
been  applied  by  several  manufacturers. 

-\  departure  in  student-apprenticeship  courses  has  been  made  by  the 
Sunderland  Technical  College.  These  courses,  which  were  started  in 
[903,  are  open  to  apprentices  in  shipbuilding  and  engineering  shops  who 
are  under  eighteen  years  of  age,  who  have  already  served  two  years  in 
the  shops,  showing  ability  and  giving  satisfaction,  and  who  have  attended 
evening  classes  for  at  least  two  years.  Boys  are  allowed  leave  of  absence 
from  the  shops  from  October  I  to  March  31  of  each  year  to  attend  the 
college,  the  time  counting  on  the  apprenticeship  term.  A  combination 
diploma  is  given  signed  by  the  firm,  by  the  college  and  by  the  Association 
of  Ship  Builders  and  Engineers  of  Sunderland  and  District.  The  sugges- 
tion has  l)een  made  that  these  courses  be  extended  for  nine  months  with 
classes  repeating  each  two  weeks,  th\is  giving  short  alternating  periods 
in  shop  and  school,  not  unlike  the  idea  being  carried  out  in  the  United 
States  by  the  University  of  Cincinnati. 

Evening  classes  versus  day  classes  is  already  arousing  discussion  in 
England.  Evening  classes  have  failed  to  produce  the  expected  results. 
In  a  recent  paper  cm  the  subject  one  investigator  says  that  a  large  amount 
of  evening   instruction   is   wasted   and    recommends    that   evening  schools 
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give  assistance  to  enable  a  few  to  train  themselves  above  the  average, 
rather  than  trying  to  produce  a  light  crop  over  a  large  area  and  attempt- 
ing to  reach  the  rank  and  file.  The  statement  is  further  made  that  only 
a  very  exceptional  youth,  strong  both  mentally  and  physically,  can  make 
any  great  headway  by  evening  study  and  at  the  same  time  work  regularly 
and  well  in  the  shop  from  6  a.  m.  to  5  p.  m.  In  this  connection  the  experi- 
ence of  Messrs.  Cochran  &  Co.  is  instructive.  In  1903  a  three-year  course 
of  evening  apprentice  instruction  was  started,  but  in  1905  this  was  changed 
to  day  classes,  holding  sessions  from  8  a.  m.  to  10  a.  m.  without  deduction 
of  wages.  The  results  have  been  all  that  could  be  wished  and  the  coaxing 
previously  necessary  to  make  boys  attend  evening  class  is  no  longer 
needed.  Prizes  are  given  boys  who  apply  the  school  training  in  the  shop. 
Messrs,  Cochran  &  Co.  report  a  direct  benefit  in  the  shop  due  to  school 
work. 

In  conclusion  »t  might  be  mentioned  that  nearly  all  the  firms  who  are 
attempting  to  solve  the  apprenticeship  question  have  abandoned  the 
premium  apprentice.  Attention  should  also  be  called  to  the  fact  that 
there  is  but  little  reference  to  methods  of  handling  the  shop  side  of  the 
question  and  no  mention  of  shop  instructors  in  connection  with  any  of 
the  roads  or  manufacturers,  and  it  would  therefore  appear  that  the  problem 
in  Great  Britain  has  been  considered  almost  entirely  along  educational 
lines  and  hardly  at  all  in  the  shop. 

W.  B.  Russell. 

The  President:  Gentlemen,  we  will  consider  this  report 
received  and  open  for  discussion.  It  is  a  very  important  one  and 
there  are  many  here  who  are  prepared  to  talk  about  it  and  relate 
their  experiences.    Don't  hesitate  to  do  so. 

Mr.  a.  B.  McHaffie  (Intercolonial  Ry.)  :  It  was  a  happy 
thought,  I  think,  of  the  committee  to  make  the  exhibit  as  stated. 
Perhaps  there  is  nothing  better  that  will  illustrate  the  progress  of 
the  apprenticeship  work  than  is  shown  by  the  exhibit  they  have 
here. 

Mr.  Tonge:  I  hope  there  will  be  no  railroad  in  the  United 
States  or  Canada  that  will  ever  ask  an  apprentice  to  attend  an 
evening  class.  The  company  makes  sufficient  money  out  of  the 
apprentice  to  be  satisfied  to  give  him  an  opportunity  in  the 
day  class.  It  is  the  active  mind  that  we  expect  to  make  use  of ; 
but  after  its  daily  labor  it  ceases  to  be  active.  We  know  that 
from  experience.  Anyone  who  has  worked  10  or  12  hours  a  day 
knows  what  those  conditions  are.  and  I  do  hope  that  no  railroad 


Digitized  by  VjOOQIC 


184 

will  ever  make  such  a  proposition  that  an  apprentice  shall  get  his 
instruction  after  ten  hours'  labor. 

Mr.  Bentley:  I  hardly  agree  with  Mr.  Tonge,  because  I 
know  a  good  many  .Superintendents  of  Motive  Power  who  have 
had  to  get  all  their  training  during  the  evening  hours  after  their 
day's  labor  was  over,  and  I  am  satisfied  that  if  it  had  not  been 
for  their  energy  and  persistence  in  seeking  for  education  and 
information,  they  would  not  have  been  in  their  present  position. 

Our  scheme  of  educating  apprentices  is  not  quite  so  elaborate 
as  some  of  those  mentioned,  but  nevertheless  I  think  we  are 
getting  very  good  results.  On  the  C.  &  N.-W.  Ry.,  at  Chicago 
shops,  we  have  forty-five  special  and  regular  apprentices,  and 
have  two  instructors  who  devote  all  their  time  to  assisting  and 
giving  information  and  advice  to  these  young  men,  and  enable 
them  to  have  every  opportunity  of  becoming  proficient  in  the 
work  they  are  undertaking,  and  I  think  it  has  a  wonderful  effect, 
because  the  two  men  who  are  following  the  boys  up  all  the  time 
can  help  them  out,  and  it  is  a  very  great  assistance  to  the  young 
men  who  are  a  little  bit  backward  in  their  business. 

We  give  a  certificate  or  diploma  as  soon  as  the  young  man 
is  out  of  his  time,  which  shows  where  he  served  his  apprentice- 
ship and  what  course  he  has  gone  through. 

I  just  want  to  call  your  attention  to  something  that  has  been 
taking  place  on  our  road,  to  show  you  the  interest  the  appren- 
tices ai;e  manifesting.  About  twelve  months  ago  the  apprentices 
themselves  organized  an  Apprentice  Club,  and  they  held  fourteen 
meetings  during  the  five  months,  the  average  attendance  at  those 
meetings  being  twenty-two,  and  to  show  you  the  scope  of  the 
papers  and  discussions  they  read,  I  will  give  you  a  few  of  them. 

The  first  was,  "  The  Future  of  the  Apprentice."  It  was  one 
of  the  best-written  papers  I  ever  came  across;  it  set  forth  in 
very  plain  language  that  it  was  up  to  the  young  men  themselves 
if  they  wanted  to  get  anywhere,  and  that  they  had  to  work,  not 
only  in  the  day  time  eight  hours,  or  ten  hours,  but  occasionally 
burn  the  midnight  oil  when  necessary. 

The  next  paper  was  *'  The  D  Slide  Valve,"  which  was  fol- 
lowed by  "  Stephenson's  Link  Motion,"  "  Valve  Setting,"  "  The 
Air    Brake,"    "  Walschaert's    Valve    Motion,"    "  Injectors    and 
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Lubricators,"  "  Front  End  Theory  of  Combustion,"  and  closing 
with  one  on  the  "  Indicator." 

All  of  those  papers  were  very  ably  presented  and  showed 
that  considerable  time  and  investigation  had  been  given  to  the 
various  subjects,  by  the  boys. 

The  apprentices  are  under  no  obligation  to  join  the  club,  the 
meetings  taking  place  in  the  evening  in  their  own  time,  but  to 
show  the  interest  displayed,  it  is  enough  to  say  that  the  whole  of 
the  forty-five  apprentices  are  members. 

The  officials  are  always  ready  and  willing  to  furnish  them 
information,  and  to  meet  with  them  and  occasionally  give  them  a 
talk,  which  appears  to  be  appreciated.  From  the  above  it  would 
seem  as  if  we  still  have  some  young  men  who  are  anxious  to 
progress  and  make  a  name  for  themselves. 

Mr.  Gaines  :  Mr.  President,  I  want  to  agree  with  Mr.  Bent- 
ley  about  the  proposition  of  the  night  instruction,  not  taking  any 
exception  to  what  Mr.  Tonge  had  to  say  relative  to  the  parsimony 
of  the  railroads,  but  rather  from  the  standpoint  that  it  has  been 
my  experience  that  when  an  apprentice  boy  puts  in  his  evenings 
studying  somewhere  in  a  school  it  is  of  decided  benefit  to  him, 
and  less  wear  and  tear  on  his  physical  body. 

There  is  another  thing  that  is  not  touched  on  in  this  report 
that  I  would  like  to  hear  some  one  talk  about  a  little  more  and 
that  is  the  proper  ratio  between  the  skilled  mechanics  in  the  shop, 
what  is  the  best  ratio  of  the  number  of  apprentices  in  each  trade 
in  relation  to  the  skilled  men,  and  whether  or  not  there  has  been 
any  trouble  with  organized  labor  limiting  the  number  of  appren- 
tices. I  would  also  like  to  call  attention  to  the  fact  that  I  have 
found  from  experience  an  advantage  from  what  you  might  call 
a  preliminary  training  for  apprentices.  If  you  take  them  in  as 
wiper  boys,  messengers,  or  other  uses  around  the  shop,  and 
weed  out  the  undesirable  ones  before  you  even  take  them  in,  or 
consider  them  as  apprentices,  you  are  apt  to  get  a  very  much 
better  class  of  material. 

Mr.  F.  W.  Thomas  (A.  T.  &  S.  F.  Ry.)  :  Mr.  President,  I 
would  like  to  make  one  statement  as  to  the  economical  feature  of 
ad(^ting  some  advanced  and  practical  method  of  apprentice 
instruction.    At  the  Santa  Fe  Topeka  shop,  where  we  have  our 
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largest  apprentice  class,  163  boys,  we  found  from  actual  figures 
and  work  performed,  that  it  cost  us  about  23  cents  a  day  to 
instruct  these  apprentices  in  the  shop.  The  average  salary  or 
daily  rate  of  pay  for  apprentices  is  about  $1.37  a  day,  making  in 
round  numbers  $1.60  a  day  wages  and  cost  of  instruction  for 
the  apprentices.  We  find  that  we  get  eighty  per  cent  as  much 
work  out  of  the  average  apprentice  as  we  do  out  of  the  average 
journeyman  in  the  shops,  so  that  with  an  outlay  of  $1.60  in 
money,  we  can  accomplish  eighty  per  cent  as  much  work  as  we 
can  by  paying  $3.60.  We  find  also,  as  a  result  of  the  shop 
instruction,  that  we  can  give  a  higher  class  of  work  to  the  boys. 
They  are  not  only  doing  more  work,  but  a  better  grade  of  work. 
We  find  also  that  in  the  event  that  some  machinist  is  absent  dur- 
ing the  day,  or  for  several  days,  we  can  put  a  boy  on  the  impor- 
tant machine,  and  with  the  assistance  of  the  instructor,  keep  that 
machine  in  operation  rather  than  have  the  machine  lay  idle,  or 
put  a  man  on  the  machine  who  is  not  familiar  with  it  or  the  work. 
We  have  one  or  two  of  the  Master  Mechanics  of  the  Santa  Fe 
System  here  to-day.  I  would  like,  through  the  Chair,  to  call  on 
Mr.  Hicks  of  the  Santa  Fe  as  to  the  practical  value  of  the 
advance  system  in  the  shops  at  San  Bernardino.  I  think  Mr. 
Hicks  is  here. 

Mr.  Wildin  :  I  do  not  think  there  is  any  question  about  the 
value  of  the  instruction  given  the  apprentices.  What  I  would 
like  to  know  is,  if  we  can  increase  the  standard  ratio  of  appren- 
tices to  skilled  labor  under  the  instruction  method.  Mr.  Gaines 
asks  the  question,  What  is  a  proper  proportion?  Of  course,  we 
know  what  the  proportion  is  at  present,  but  the  proper  propor- 
tion is  another  thing;  one  to  five  is  known  to  be  the  standard 
proportion.  I  suppose  Mr.  Gaines  is  affected  like  everybody 
else. 

What  I  would  like  to  know  is,  if  we  are  ever  going  to  get 
the  proper  proportion  of  apprentices  to  the  skilled  machinists 
by  any  method  of  instruction.  Are  the  skilled  mechanics  averse 
to  the  men  who  pass  through  the  school  before  going  into  the 
shop  more  than  they  are  to  the  men  who  have  gone  through  the 
wiping  gang? 

Mr.  I.  C.  Hicks   (Santa  Fe)  :     At  San  Bernardino,  on  the 
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Santa  Fe  System,  we  use  the  improved  system  of  apprentice 
instruction.  We  have  a  practical  and  a  technical  instructor.  On 
the  machine  side  especially,  it  is  possible  to  have  apprentices  do 
the  highest  class  of  work,  with  the  special  instructor  checking 
the  work  thoroughly.  It  gives  the  company  a  high  class  of  work 
on  the  machines  at  a  very  low  cost.  This  also  applies  to  the 
other  departments,  and  I  find  when  the  boys  go  through  the  shop 
technical  school  they  take  a  greater  interest  in  their  practical 
work,  which  aids  them  in  reading  drawings. 

y\R.  DeVov:  I  did  not  notice  in  the  committee's  report  a 
statement  that  the  Milwaukee  Road  has  been  doing  anything,  so 
I  think  it  is  probably  in  order  for  me  to  say  something  about  our 
ideas  on  this  subject.  Tt  has  never  been  'my  opinion  that  it  is 
absolutely  necessary  for  a  special  apprentice  trainer  to  be  put 
in  charge  of  the  apprentices.  T  do  not  believe  that  any  man  is 
capable  of  properly  training  a  machinist,  likewise  a  boilermaker. 
Let  the  apprentice  use  the  pattern  shop,  and  they  may  train  him 
at  that  place. 

After  giving  the  matter  a  year  of  study,  since  the  last  con- 
vention, it  has  convinced  me  fully  that  the  Milwaukee  system  is 
still  as  good  as  where  any  special  man  is  hired  to  train  the 
apprentices.  T  would  rather  a  boy  of  mine  would  go  to  the 
foundry  foreman  for  his  knowledge  in  foundry  practice :  I 
would  much  rather  he  would  bump  up  against  the  patternmaker 
after  he  went  into  the  pattern  shop.  T  am  emphatic  in  saying 
one  thing  —  that  any  apprentice  boy  will  do  much  better  in  the 
drawing-room  if  you  put  him  there  and  give  him  three  months' 
time,  from  start  to  finish.  I  do  not  believe  that  he  can  possibly 
obtain  as  much  information  in,  saiy,  one  hour  a  day's  instruction, 
carried  over  a  longer  period. 

T  am  not  at  all  opposed  to  the  system  as  recommended  by  the 
committee,  but  I  do  still  believe  that  there  are  systems  of  handling 
apprentices  which  do  produce  as  good  results  as  those  mentioned 
in  the  paper. 

Your  committee  has  suggested  th^t  the  Association  provide 
an  appropriation  for  establishing  an  exhibit  of  apprentice  train- 
ing^, to  be  a  feature  of  this  convention,  and  at  the  same  time  it 
has  been  recommended  bv  diflferent  members  that  the  railroad 
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companies  stand  the  expense  of  the  training  in  place  of  night 
classes.  Why  not,  then,  the  railroad  companies  stand  the  expense 
of  providing  the  exhibition;    it  will  interest  them  much  more. 

Unfortunately,  we  were  not  able  to  send  the  chairman  of  this 
committee  any  information  in  regard  to  this  subject,  but  we  feel 
that  in  another  year  we  will  be  prepared  to  do  something,  and  I 
believe  that  each  railroad  would  do  better  if  they  would  stand 
that  part  of  the  expense. 

Mr.  J.  H.  Manning  (D.  &  H.  Co.) :  I  agree  with  the  last 
speaker  to  the  extent  that  it  is  impossible  to  get  any  one 
instructor  who  will  be  capable  to  take  apprentices  through  the 
ramifications  of  all  the  different  trades  satisfactorily,  but  believe 
in  combination  with  the  instructor  who  is  capable  of  instructing 
the  apprentice  in  mathematics,  drawing,  etc.,  that  there  should 
also  be  an  instructor  in  the  shop.  Now  on  our  line  we  have  that 
system  —  instructors  who  go  from  shop  to  shop,  where  we  have 
schoolrooms,  and  give  the  apprentices  instruction  two  hours  a 
day  in  drawing  and  mathematics.  We  also  have  two  demon- 
strators in  the  shop,  and  they  not  only  demonstrate  and  speed 
up  machines  for  the  journeymen,  but  also  give  their  special 
attention  to  the  apprentices  to  see  that  they  are  moved  along  as 
they  deserve. 

I  do  not  want  to  be  understood  as  contending  that  this  demon- 
strator or  instructor  we  have  in  the  shops  is  capable  of  going  into 
,  the  foundry  or  the  blacksmith  shop,  or  probably  some  parts  of  the 
machine  shop  (although  that  is  his  specialty)  and  fully  and 
completely  demonstrate  what  should  be  done  in  each  and  ever}' 
case;  but  he  can  see  that  the  boilermaker  apprentice  is  moved 
along  as  we  desire,  and  also  that  the  boy  in  the  foundry  is  moved 
along.  He  has  supervision  of  the  apprentices  in  the  shop,  in  that 
respect,  and  in  combination  with  the  professor  or  instructor  in 
mathematics,  that  I  have  mentioned,  it  works  out  very  well,  and 
we  are  entirely  satisfied.  We  started  in  in  a  small  way  a  year 
and  a  half  ago  with  one  school,  with  eight  or  ten  boys,  and  now 
we  have  three  schools,  in  fact  one  at  each  of  our  shops,  and 
100  boys.  We  have  a  report  made  showing  the  percentage  of 
eflficiency  each  month  and  in  that  way  keep  close  tab  on  what 
the  boys  are  doing.  We  are  well  pleased  with  what  we  have 
done  along  these  lines. 
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Dr.  Angus  Sinclair  :  I  think  in  the  training  of  the  appren- 
tices the  same  principle  holds  as  in  the  training  of  ordinary 
scholars.  Some  men  have  natural  talents  for  instruction  — 
others  have  not.  One  who  has  the  natural  faculty  for  imparting 
information  will  be  of  much  greater  value  in  the  instruction  of 
apprentices  than  one  who  has  not,  and  I  think  that  it  ought  to  be 
the  business  of  the  shop  superintendent,  and  those  who  are  super- 
vising the  system,  to  see  that  the  instructors  are  proper 
instructors  that  have  the  capacity  for  giving  the  information 
desired. 

*  I  had  a  very  curious  experience  in  securing  instruction  as  a 
lad  in  a  shop.  Where  I  worked  as  a  boy,  the  boys  were  just 
thrown  into  the  shop  and  allowed  to  do  as  they  pleased,  pretty 
much  anything,  so  long  as  the  foremen  did  not  see  them  idling. 
That  was  the  thing  you  had  to  look  out  for,  but  so  far  as  getting 
any  special  instruction,  it  was  entirely  out  of  the  question.  If 
you  desired  to  learn  you  would  probably  get  the  opportunity 
from  some  good-natured  mechanic,  otherwise  you  would  learn 
nothing.  I  have  always  felt  under  a  great  debt  of  obligation  to 
a  boilermaker  I  worked  with  for  a  few  months,  when  I  went  into 
the  shops  as  an  apprentice.  This  boilermaker's  name  was  Willie 
Lawrie.  The  first  introduction  I  had  to  Willie  Lawrie  was  one 
day  just  about  the  time  I  entered  the  works.  We  were  waiting 
for  the  gate  to  open,  and  the  boys  were  talking  about  the  very 
interesting  subject  of  what  each  one  liked  best  to  drink.  When 
ever>-  one's  opinion  had  been  expressed,  some  one  remembered 
that  the  expert  Willie  Lawrie  had  not  been  asked  "for  his  opinion, 
and  they  said,  "  Willie,  what  do  you  like  best  when  you  have  a 
chance  to  take  a  drink?"  "Well,"  he  said,  "when  I  have  the 
option  I  just  like  a  glass  of  whisky  mixed  with  another  glass  of 
whisky  as  well  as  anything."  [Laughter.]  I  was  put  on  to  carry 
the  tools  for  this  Willie  Lawrie  a  week  or  two  after  that  incident. 
He  was  known  to  be  very  hard  with  his  boys.  He  never  failed  to 
make  them  do  everything  that  they  could  do,  and  the  dullest 
ones  had  the  hardest  time  with  him.  After  we  had  been  working 
in  the  fire  box  for  some  hours, —  this  was  my  first  experience, — 
when  we  went  outside  so  that  I  couldn't  look  in,  he  said,  "  How 
many  grate  bars  had  that  engine  ?  "  I  said,  "  I  don't  know  how 
many  grate   bars   it   had,   I   didn't   count   them."     "  Well,   but 
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you  were  inside.  How  many  were  there  ? ''  and  he  insisted  that 
I  should  make  some  kind  of  a  guess  how  many  bars  there  were. 
Then  he  laughed  and  made  fun  of  me  when  I  was  far  off  from 
being  correct.  The  next  time  he  asked,  **  How  many  tubes  were 
there  in  that  boiler?  "  Then,  **  How  many  stay  bolts?  "  **  What 
is  a  stay  bolt?"  **  What  is  it  for?"  and  so  on.  The  effect  of 
this  was  that  I  was  in  a  constant  fever  lest  he  should  ask  some- 
thing that  I  didn't  know,  and  I  used  to  prowl  around  the  boilers 
trying  to  pick  up  information  about  the  thing  so  that  I  would  be 
prepared  for  Willie  Lawrie.  That  was  a  natural  teacher,  gentle- 
men. Those  who  have  that  kind  of  capability  will  bring  an 
apprentice  on  much  better  than  one  who  is  thrown  up  just  by  the 
chances  of  the  shop. 

Mr.  Manchester:  Mr.  President,  a  good  many  years  ago. 
back  at  Saratoga,  the  Association  discussed  the  question  of  an 
apprentice  system.  At  that  time  I  became  very  much  impressed 
with  the  necessity  for  giving  the  subject  thorough  and  careful 
attention.  We  went  home  and  adopted  an  apprentice  course, 
defining  what  should  be  the  instruction  the  apprentices  should 
receive,  and  we  have  followed  up  that  course  from  that  day  to 
this.  In  bringing  that  out  we  tried  as  far  as  possible  to  keep 
away  from  the  hot-house  product.  We  make  it  a  practice  on  our 
system  to  carry  the  usual  ratio  of  apprentices,  not  only  at  the 
shops,  but  at  the  roundhouses.  We  think  that  for  practical 
railway  work  the  roundhouse  is  the  principal  and  most  important 
place,  and  we  want  our  boys  to  have  a  good  and  thorough  knowl- 
edge of  roundhouse  propositions.  At  our  main  shop  at  Mil- 
waukee we  make  almost  everything  and  anything  that  is  known 
to  railroad  use  except  chronometers.  We  have  not  yet  gone 
into  the  manufacture  of  chronometers.  In  that  way,  by  giving 
the  boy  an  opportunity  in  all  of  the  different  branches  of  the 
work  in  all  of  the  different  shops,  in  the  manufacturing  end  as 
well  as  in  the  maintenance  end,  we  believe  that  we  are  bringing 
forth  some  men  that  are  capable  of  holding  their  own  in  every 
line  of  business,  and  we  believe  that  within  the  last  ten  years, 
since  we  have  been  working  this  system,  we  have  brought  out 
some  boys  who  can  design  and  manufacture  and  maintain  any- 
thing that  is  used  on  a  railroad.    We  have  not  felt  it  the  right 
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thing  to  do  to  establish  a  school  in  our  shop.  We  believe  in  the 
principle,  "  Seek  and  ye  shall  find ;  ask  and  ye  shall  receive ; 
knock  and  it  shall  be  opened  unto  you."  We  want  our  boys  to 
get  on  to  that  line  of  training;  let  them  be  looking  for  the  infor- 
mation, and  if  they  do  they  will  get  it  every  time.  I  would  not 
disparage  any  system  that  gives  the  young  man  an  opportunity, 
but  I  still  believe,  as  has  been  expressed  by  some  of  the  other 
speakers,  that  it  is  better  to  let  the  young  man  do  some  of  the 
pushing  for  himself.  It  is  an  old  saying  that  you  can  lead  a 
horse  to  water,  but  you  can  not  make  him  drink.  We  believe  in 
the  principle  of  keeping  the  water  where  he  can  get  a  draught 
of  it,  but  we  are  neither  going  to  lead  him  nor  force  him  to 
drink. 

As  to  applications  for  apprenticeship,  we  find  little  or  no  diffi- 
culty in  getting  all  the  good  material  that  we  can  use,  and  more 
too.  In  nearly  every  branch  there  is  such  a  long  waiting  list  that 
some  of  them  become  discouraged  before  they  can  get  an  oppor- 
tunit>'  to  get  in.  When  I  first  started  preparing  apprentices  for 
the  boilermaker's  trade,  I  did  so  with  a  good  deal  of  misgiving, 
feeling  that  for  that  particular  line  of  business  there  was  not 
going  to  be  a  bright  lot  of  boys  brought  in,  such  as  we  would 
desire  to  have  come  into  the  service.  You  may  imagine  my  sur- 
prise when  the  first  set  of  examination  papers  was  brought  to 
me  by  Mr.  DeVoy  from  the  first  lot  of  boys  that  we  put  into 
the  boiler  shop,  when,  if  I  remember  rightly,  their  standing  was 
something  like  93.  We  have  found  it  equally  easy  to  get  boys 
for  all  the  different  lines  of  work.  I  believe  that  what  we  should 
do  is  to  give  the  boy  an  opportunity  to  work  in  different  shop^. 
The  boy  who  learns  his  trade  in  one  of  our  shops  has  the  last 
year  of  his  apprenticeship  at  the  main  shop,  where  he  gets  the 
manufacturing  end  as  well  as  the  repair  end.  It  is  along  those 
lines  we  feel  we  have  been  reasonably  successful  in  our  appren- 
tice work. 

Mr.  C.  H.  Quereau  (N.  Y.  C.  &  H.  R.  R.  R.)  :  Mr.  Presi- 
dent,  I  think  it  is  safe  to  say  that  any  man  holding  a  position  of 
responsibility  at  the  head  of  a  large  organization,  who  is  success- 
ful, is  as  truly  educated,  though  he  has  obtained  his  education  at 
night,  walking  six  miles,  as  a  friend  of  mine  just  told  me  he  did. 
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as  the  man  who  had  the  advantage  of  a  college  education.  All 
men  are  educated  either  through  their  own  efforts  dr  through 
opportunities  given  them.  It  is  this  education  that  I  think  we 
should  all  strive  for. 

Personally  I  had  the  opportunity  for  a  good  education,  which, 
no  doubt,  has  very  largely  influenced  my  activities,  I  hope  my 
usefulness.  If  I  had  been  left  to  myself  I  am  certain  I  would 
have  put  forth  no  special  efforts  to  obtain  this  education.  But  I 
had  a  father  who  saw  the  advantages  of  this  experience.  He 
said  to  me,  "  My  son,  would  you  like  to  go  to  college?  "  I  said, 
"  I  don't  know  that  I  care  much  about'  it."  "  I  believe  you  had 
better  go,"  he  said,  and  I  went.  I  believe  the  same  principle 
would  apply  in  this  matter  of  the  schooling  of  apprentices. 
There  are  lots  of  young  men,  who  are  bright,  who  have  not  had 
the  opportunity  of  thinking  for  themselves.  If  they  are  invited, 
perhaps  urged,  perhaps  commanded,  to  take  a  course,  the  result 
will  be  of  benefit,  not  simply  to  them  but  the  whole  organization. 

I  had  the  good  fortune  to  be  in  charge  of  some  shops  for  two 
or  three  years  with  about  400  apprentices.  I  believe  the  con- 
ditions there  were  not  exceptional  at  that  time. 

There  was  nominally  a  record  of  all  those  boys  and  a  schedule 
which  they  were  to  follow  giving  them  so  many  months  in  this 
department,  so  many  months  in  that  department  —  a  carefully 
thought-out  course.  The  facts,  however,  on  investigation,  did 
not  coincide  at  all  with  the  schedule.  There  were  young  men 
who  had  been  three  years  in  the  erecting  shop  who  were  sup- 
posed to  be  finished  machinists  when  they  came  out.  There 
were  boys  who  had  been  eighteen  months  on  a  certain  machine 
because  the  subforeman  was  being  pushed  to  complete  his  out- 
put. This  boy  was  an  adept  at  this  tool  and  the  consequence  was 
he  stayed  there.    We  all  know  how  that  is. 

The  superintendent  of  shops  had  not  the  time  to  personally 
supervise  the  training  of  each  of  those  four  hundred  apprentices. 
The  result  was  confusion  worse  confounded.  The  result  was  a 
class  of  half-baked  machinists  when  the  job  was  done.  I  believe 
at  that  time  these  facts  were  paralleled  in  almost  all  shops  of  the 
same  size.  A  record  was  made  of  the  apprentices,  and  as  nearly 
as  could  be  determined,  the  length  of  time  they  had  been  in 


Digitized  by  VjOOQIC 


193 

various  departments,  with  an  idea  of  straightening  out  and 
getting  the  best  possible  that  could  be  got  under  the  conditions 
of  work  done  by  the  clerks  in  the  office,  the  different  foremen, 
such  time  as  they  could  g^ve  to  it;,  but  with  these  efforts  the 
results  were  not  produced  which  should  have  been  produced. 

For  the  reason  which  I  have  indicated,  I  am  thoroughly  in 
sympathy  with  the  outline  of  the  apprentice  work  given  by  this 
committee,  and  i  wish  to  subscribe  to  every  one  of  the  sug- 
gestions given.  The  most  important  part  is  that  there  is  some 
one  who  has  charge  of  these  apprentices  who  has  nothing  else 
to  do.  He  will  be  judged  by  the  results  he  produces.  Under  the 
old  system  that  was  an  impossibility.  The  Superintendent  of 
Shops,  the  General  Foreman,  and  other  foremen,  were  judged 
only  by  the  work  that  was  turned  out  and  by  the  cost,  over- 
looking the  most  important  part  of  the  shop,  which  was  the 
machinist  which  was  to  come. 

•  I,  personally,  very  much  doubt  if  we  should  figure  on  the 
cost  of  output  of  apprentices  under  this  system.  That,  of  course, 
is  something  to  be  considered ;  but  we  are  not  aiming,  as  I 
understand  it,  and  it  is  not  the  idea  of  this  committee  that  this 
apprenticeship  cost  should  reduce  the  cost  of  the  labor-producing 
efforts  of  the  apprentice.  It  is  to  produce  first-class  machinists, 
and  while  the  cost  of  this  work  is  a  consideration,  it  seems  to  me 
it  should  be  one  of  the  very  minor  considerations,  and  not  worth 
emphasis  at  all. 

A  ver}^  live  influence,  it  seems  to  me  under  this  system,  is  the 
personal  touch  of  the  company  through  their  responsible  men, 
with  the  apprentices.  There  is  a  personal  relationship,  the  value 
of  which  can  not  be  counted ;  and  I  believe  that  in  the  years  ^o 
come,  if  not  already,  the  relations  between  the  company  and  the 
men  will  be  found  to  be  much  more  harmonious  than  they  have 
been  under  the  older  methods  and  systems.  I  believe  they  are 
beginning  to  feel  and  will  more  and  more  feel  that  they  are  a 
part  of  the  company  —  that  it  is  not  a  separate  organization  up 
aloft  directing  the  work  below,  producing  the  largest  output  for 
the  least  cost.  There  is  a  community  of  feeling  which  is  bound 
to  tell  all  along  the  line,  and  the  influence  of  this  association,  the 
influence  of  this  personal  contact,  must  be  for  the  best  of  the 
men.  It  can  not  be  otherwise. 
M-13 
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Mr.  E.  a.  Miller  (N.'  Y.  C  &  St.  L.  R.  R.)  :  Mr.  President, 
I  think  the  report  very  good  and  the  work  of  the  committee  such 
as  to  be  fully  appreciated.  I  agree  with  the  committee  that  there 
should  be  some  one  in  charge  of  the  apprentices,  to  look  after 
their  interests  and  to  see  that  they  have  the  proper  instructions 
and  opportunity  to  advance.  I  also  feel  that  we  are  under 
obligation  to  the  New  York  Central,  Pennsylvania  and  other 
roads  that  have  adopted  advanced  methods,  as  shown  by  the 
report  that  we  are  now  discussing,  relative  to  the  apprentices  in 
our  shops. 

The  President  :  Mr.  Vauclain,  we  would  like  to  hear  from 
you  on  this  subject  if  you  will  be  kind  enough  to  give  us  your 
ideas  in  relation  to  it. 

Mr.  Vauclain:  Mr.  President,  Gentlemen:  This  subject 
of  apprentices,  whether  it  be  in  a  manufac^ring  establishment 
or  in  a  railroad  shop,  is  a  very  important  one,  and  is  of  great 
interest.  Those  of  you  who  have  had  bother,  with  labor  troubles, 
after  they  had  carried  on  a  training  school  for  four  or  five 
years,  will  appreciate  more  fully  than  any  others  the  benefits 
to  be  derived  from  a  system  of  this  kind. 

For  many  years  we  undertook  to  train  our  apprentices  in  the 
ordinary  old  style  fashion,  simply  taking  them  into  the  wor-ks  and 
allowing  the  foremen  to  supervise  their  instruction,  and  moving 
them  about  as  their  work  in  any  department  warranted.  We 
found  it  necessary  to  remove  the  apprentice  boy  from  under  the 
supervision  of  the  foreman  and  place  him  under  the  charge  of  a 
superintendent  of  apprentices.  We  have  had  a  system  of  that 
sort  in  practice  for  about  seven  years,  and  it  has  been  highly 
b'eneficial  to  us.  We  now  do  not  need  to  consider  going  outside 
to  hire  skilled  men,  as  we  make  more  skilled  men  than  we  can 
find  places  for,  and  these  men  are  eagerly  sought  for  by  out- 
siders. 

So  far  as  the  training  of  boys  is  concerned,  we  believe  there 
is  room  for  all  classes,  in  the  technical  training  of  boys,  and  we 
have  three  systems  of  apprenticeship.  One  system  requires  the 
boy  to  serve  four  years.  This  boy  is  the  ordinary  roustabout. 
He  has  probably  gone  through  the  grammar  school  and  is  unable 
to  go  any  further,  either  because  he  is  not  sufficiently  smart,  or 
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does  not  care  for  book  knowledge,  or  his  parents  may  not  be 
able. to  carry  him  any  longer.  The  next  class  comprises  those 
boys  from  the  high  schools  or  preparatory  schools  whose  parents 
have  not  the  means  to  send  them  to  college  and  feel  that  their 
boys  should  learn  a  trade  which  will  enable  them  to  make  a 
decent  living  in  after  years.  Some  of  these  boys  are  unable  to 
go  beyond  the  high  school.  They  would  not  be  successful  in 
going  into  college,  and  therefore  it  is  even  more  desirable  that 
these  boys  should  be  taken  into  the  workshop  and  be  taught  how 
to  use  their  hands,  or  if  possible,  their  brains  in  addition  to  their 
hands.  These  boys  make  a  very  desirable  class  of  apprentices. 
The  next  class,  the  third  class  of  apprentices  —  we  do  not  call 
him  a  third-class  apprentice  because  he  is  a  graduate  of  a*  tech- 
nical school,  but  simply  because  we  first  consider  the  grammar- 
school  boys  of  which  we  have  the  largest  number  —  is  the  tech- 
nical graduate.  The  technical  boy  is  the  most  desirable  boy, 
and  there  is  room  for  a  great  many  of  them  as  apprentices,  but 
not  room  for  so  many  of  them  after  they  get  through  with  their 
apprenticeship.  TKeir  attainments  and  ability  are  such  that  they 
are  quickly  called  to  higher  places  than  that  of  an  ordinary 
mechanic. 

It  is  desirable,  however,  to  have  as  many  of  these  technical- 
graduate  apprentices  as  you  can  persuade  to  come  with  you.  It  is 
unwise,  however,  to  offer  them  or  hold  out  to  them  special 
inducements  to  bring  them  to  you  for  fear  that  they  may  be 
disappointed,  i  have  made  it  a  rule  for  the  first  six  months  to 
compensate  a  technical  boy  sufficiently  only  to  pay  his  board 
and  a  few  minor  living  expenses.  If  he  has  the  necessary  nerve 
to  work  for  six  months  under  those  conditions,  we  are  ready 
to  go  on  with  him,  and  he  is  also  very  glad  to  keep  on  with  us. 

I  want  to  say  that  the  technical  boy  who  comes  to  us  need 
not  necessarily  be  a  graduate.  A  great  many  boys  who  go  to 
college  fall  out  after  the  first,  second  or  third  year  —  for  some 
special  reason  they  fail  to  pass  a  certain  examination  and  they 
find  themselves  in  such  circumstances  that  they  do  not  care  to 
continue  their  college  course  for  fear  it  will  carry  them  over  an 
additional  year  and  stretch  the  course  out  from  four  years  to 
five  years.  I  would  advise  everybody  to  get  as  many  of  these 
young  men  as  they  can  secure.    I  really  believe,  for  our  business, 
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these  men  are  often  more  desirable  than  those  who  continue  on 
and  continue  their  course,  and  graduate  at  the  top  or  the  head 
of  their  classes.  We  find  that  these  men  are  perhaps,  a  little 
slower  in  matters  relating  to  the  finer  technique  connected  with 
a  railroad  or  manufacturing  establishment,  but  they  are  slower 
thinkers  and  stronger  thinkers,  and  make  stronger  men  in 
developing  the  capacity  of  handling  their  fellow  men,  to  a  much 
greater  extent  than  the  other  men. 

The  very  finest  men  we  get  from  the  various  universities  are 
those  we  have  to  use  on  the  finer  work,  and  who  do  not  care  to 
wrestle  with  the  coarser  grade  of  men.  It  is  also  found  that 
unless  this  man  is  able  to  become  one  of  these  men,  or  to  show 
his  superiority  among  these  men  as  a  leader,  that  they  never  will 
respect  him,  and  consequently  he  can  not  get  the  maximum 
amount  of  work  from  the  under  class  that  he  can,  if  he  in  some 
way  brings  himself  down  to  their  level  and  is  able  to  do  the 
things  which  they  do  in  the  same  length  of  time  and  with  the 
same  amount  of  satisfaction,  and  where  a  man  is  apparently 
too  smart  or  too  good  to  undertake  these  things,  he  receives  the 
contempt  of  the  majority  of  the  men  and  is  relegated  by  them, 
and  not  by  us,  to  positions  that  he  is  well  suited  to,  and  the  other 
man  steps  up  and  takes  his  place  as  a  leader  of  men.    [Applause.] 

The  President:  Mr.  Flory,  as  a  member  of  that  committee, 
we  would  like  to  hear  from  you. 

Mr.  B.  p.  Flory  :  The  school  in  connection  with  the  Central 
R.  R.  of  New  Jersey  has  been  established  for  about  three  years. 
We  have  been  following  the  same  line  as  some  of  the  other  rail- 
roads, and  our  ideas  are  embodied  as  part  of  this  report.  We 
are  very  well  satisfied  with  the  progress  which  we  have  made 
during  that  time,  and  see  no  reason  for  making  any  change:  W^e 
have  our  school  in  the  day  time  and  believe  that  is  the  only  time 
to  have  the  school.  There  may  be  some  local  conditions  on  other 
roads  which  would  make  it  better  to  have  a  night  school,  but  on 
our  road  our  large  shop  is  located  at  a  point  which  makes  it 
necessary  for  nearly  all  the  boys  to  live  in  another  town,  and  it 
would  be  absolutely  impossible  to  have  evening  classes. 

In  addition  to  having  our  boys  under  general  instruction  at 
the   shops,   we  also  brine:   them,   as   many   as   we   can,   to  the 
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drawing-room  for  three  months'  instruction,  and  after  they  go 
back  to  the  shops  they  do  not  receive  any  instruction  in  the 
drawing  room  in  the  shops  any  further. 

With  the  organization  in  our  shop,  we  have  not  yet  any  shop 
instructor.  We  have  one  general  foreman  on  the  machine  side, 
and  two  subforemen,  and  with  these  and  gang  foremen,  and  the 
general  foreman,  on  the  erecting  side,  we  are  able  to  take  care 
of  the  students  in  the  shop  fairly  satisfactorily.  The  details  of 
our  organization,  I  think,  have  been  presented  to  you  before,  so 
it  is  unnecessary  to  go  into  that  matter  any  further. 

The  President  :    We  would  like  to  hear  from  Mr.  Deems. 

Mr.  J.  F.  Deems  :  Mr.  President  and  Gentlemen :  I  do  not 
think  I  have  anything  to  add  to  what  has  already  been  said.  As  I 
said  at  the  convention,  I  think  last  year,  in  my  opinion  about 
the  best  way  to  handle  this  subject  is  to  go  ahead  and  try  it  out. 
As  to  those  who  have  not  tried  it,  I  believe  if  they  will  they  are 
certain  to  be  satisfied  of  the  value  of  it,  as  I  think  all  are  who 
have  tried  it,  and  what  is  needed  in  this  case  is  not  very  much 
talk,  but  a  good  deal  of  work. 

The  President:  Mr.  Basford,  can  we  not  hear  from  you 
on  this  subject? 

Mr.  J.  M.  Basford  (American  Loco.  Co.)  :  Mr.  President 
and  Gentlemen,  I  was  very  much  impressed  in  hearing  the 
remarks  from  the  gentleman  from  the  very  far  West.  We  can 
not  fail  to  be  impressed  by  the  way  in  which  this  new  appren- 
ticeship system  has  gone  across  this  continent  in  two  jumps. 
It  is  now  likely  to  go  North  and  South  and  perhaps  across  the 
continent  in  several  other  places.  Its  impetus  is  altogether  too 
great  to  be  stopped.    The  outlook  is  very  encouraging. 

I  would  like  to  speak  of  the  last  paragraph  on  page  5  in  which 
the  committee  says :  *'  It  has  often  been  said  that  apprenticeship 
is  a  thing  of  the  past."  As  a  matter  of  fact,  apprenticeship  is  a 
thing  of  the  past  as  the  word  apprenticeship  is  generally  under- 
stood to-day.  It  is  good  that  it  is  a  thing  of  the  past.  If  we 
want  the  apprenticeship  which  we  need  now,  we  must  go  back 
to  the  very  beginning,  where  the  master  had  but  one  apprentice, 
for  some  of  the  principles  which  we  need  to  apply  to-day.    We 
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will  find,  however,  when  we  go  away  back  to  that  age,  the  life 
of  the  poor  apprentice  was  not  entirely  happy.  What  we  want 
to  do  is  to  apply  some  of  the  principles  of  instruction  which 
applied  at  that  time.  Then  the  master  had  the  services  of  the 
apprentice  for  perhaps  nothing  in  wages,  and  it  is  possible  that 
the  apprentice  sometimes  paid  something  for  the  privilege  of 
being  a  servant.  The  master  made  it  his  business  to  see  that 
the  boy  was  as  useful  as  possible  to  him,  and  naturally  gave 
him  all  the  attention  in  the  matter  of  instruction  that  it  was 
possible  to  give.  There  was  no  lack  of  information  in  the  old 
days.  The  whole  question,  it  seems  to  me,  at  the  present  time 
revolves  about  the  matter  of  instruction. 

I  would  like  to  call  your  attention  to  the  middle  portion  of 
that  paragraph  wherein  the  committee  says :  "  This  development 
is  sure  to  be  rapid,  requiring  great  wisdom,  combined  with  con- 
scientious and  systematic  efforts  in  its  control."  The  movement 
has  only  started.  It  is  sure  to  be  rapid.  It  will  require  the  very 
best  attention  and  the  best  care  on  the  part  of  everybody  in  order 
to  get  the  results  that  are  so  greatly  needed  to-day.  This  move- 
ment will  not  take  care  of  itself. 

At  this  point  I  would  like  to  speak  of  what  seems  to  be  a 
misconception  in  the  report  of  the  committee  on  the  matter  of 
instruction.  The  committee  has  not,  as  I  understand  it,  the 
remotest  idea  of  suggesting  that  instructors  should  teach  all 
trades.  What  the  committee  means  is  that  the  Chief  Instructor 
should  make  it  his  business  to  see  that  the  trades  are  taught, 
which  is  not  now  generally  done  by  anybody.  This  matter  of 
instruction  reaches  the  heart  of  shop  practice.  What  we  require 
to  be  taught  is  shop  methods;  not  the  old  shop  methods,  but 
better  shop  methods.  It  has  been  said  that  the  foreman  can  do 
this.    With  all  respect  to  the  foreman,  he  can  not  do  it. 

The  apprentice  instructor  needs  a  strong  backing.  He  needs 
to  have  an  active  part  in  the  management  of  the  shops.  He  needs 
to  be  practically  the  right-hand  man  of  the  shop  superintendent, 
because  he  is  directly  the  man  upon  whom  the  shop  superin- 
tendent is  soon  to  rely  for  the  best  work  he  can  produce.  It 
will  require  eight  or  ten  years  to  work  it  out  and  see  the  results, 
but   sooner   or  later  the  man  who  has   charge   of  instructing 
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apprentices  will  be  one  of  the  most  important  members  of  the 
mechanical  organization  of  a  railroad.  It  will  devolve  upon 
him  to  teach  improved  shop  methods,  to  see  that  one  shop  is  not 
doing  one  thing  one  way,  and  another  shop  a  different  way ;  it 
will  be  up  to  him  to  find  the  best  way ;  to  make  a  study  of  the 
proper  grinding  of  tools,  to  know  the  proper  shape  of  a  tool  for 
a  certain  piece  of  work,  and  know  why  it  should  be  so,  and  to 
introduce  the  very  best  methods  in  all  details  generally  through- 
out the  entire  railroad  system.  That  may  possibly  have  some 
effect  on  the  cost  of  work  a  little  bit  later. 

It  is  not  going  to  be  so  easy,  gentlemen,  to  get  these  men. 
That  is  one  of  the  greatest  difficulties  to-day,  because  you  wont 
find  a  man  who  can  not  oiily  do  as  well  as  you  are  doing,  but 
you  want  a  man  who  can  reach  out  and  know  the  best  work  that 
is  being  done  anywhere  in  the  country,  and  who  can  apply  that 
system  in  your  work  and  teach  it  to  the  organization  in  your 
shops. 

There  is  another  side  to  this  question  of  the  shop  instructor 
which  was  suggested  by  a  gentleman  sitting  near  me.  The 
instructor  needs  to  be  a  "  daddy  "  to  the  boys.  He  needs  to  be 
one  who  stands  in  such  close  relationship  to  the  boys  that  they 
will  come  to  him  as  a  friend  in  their  troubles.  In  that  way  he 
will  gain  influence  over  the  future  organization,  the  value  of 
which  can  not  be  estimated. 

I  would  like  hurriedly  to  refer  to  several  of  the  principles 
set  forth  on  page  2.  One  is :  "  Suitable  records  should  be  kept 
of  the  work  and  standing  of  the  apprentices."  It  is  very  easy  to 
say  that ;  it  is  very  difficult  to  carry  it  out.  It  is  a  very  difficult 
thingf.  in  any  case,  to  carry  out  ^ood  records  of  what  any  man 
does,  especially  an  apprentice,  yet  this  must  be  done. 

The  sixth  paragraph  reads :  "  Certificates  or  diplomas  should 
be  awarded  to  those  successfully  completing  the  apprentice 
course.  The  entire  scheme  should  be  planned  and  administered 
to  give  these  diplomas  the  highest  possible  value."  Some  of  us 
know  the  value  of  diplomas  issued  by  some  of  the  old  manu- 
facturing establishments,  which  have  had  apprentices  for  the 
last  thirty  or  forty  years.  Such  apprentices  have  no  difficulty  in 
securing  work,  and  a  diploma  of  such  establishment  means  some- 
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thing  when  presented  with  a  request  for  employment.  There  are 
certain  manufacturing  establishments  in  thi3  country  which  have 
had  a  system  of  apprentice  boys  for  perhaps  half  a  century, 
whom  you  are  all  glad  to  get.  Railroad  apprenticeship  diplomas 
do  not,  as  a  rule,  to-day,  mean  very  much.  When  they  are  as 
highly  prized  as  those  of  the  establishments  referred  to,  this 
work  will  begin  to  show  the  results  which  we  confidently  expect. 

Mr.  Deems  :  If  I  may  be  permitted,  I  would  like  to  say  one 
word, -or  a  few  words.  Our  President  yesterday  in  talking  to  us 
said  he  had  been  called  upon  to  attend  a  meeting  at  Washington 
composed  of  the  governors  of  the  various  States  of  the  Union, 
and  other  important  business  men,  to  discuss  the  question  of  the 
conservation  of  our  natural  resources.  I  recall  having  read  the 
proceedings  of  that  meeting,  and  the  thing  that  impressed  me 
perhaps  most  was  a  report,  I  think  by  Secretary  of  Agricul- 
ture Wilson,  who  brought  out  the  fact  that  from  year  to  year  the 
soil  in  the  West  produced  less  and  less  and  less.  And  he  said: 
"  Now,  gentlemen,  remember  if  you  are  going  to  get  something 
out  of  that  soil  you  have  got  to  put  something  into  it." 

I  feel  the  same  is  true  in  the  matter  of  railroading  in  a  large 
way  to-day.  If  we  are  to  go  on  and  progress  as  we  should,  we 
must  put  something  into  the  soil;  that  is,  we  must  give  these 
young  men  a  better  opportunity  to  qualify  themselves  to  fill 
positions  which  will  be  open  to  them.  That  will  make  better 
men  of  them,  and  that  in  turn  will  make  better  communities,  and 
better  communities  will  be  better  for  the  railroads.  The  better 
men  we  have  in  the  shops,  the  better  the  communities  will  be, 
and  the  better  the  community  is,  the  better  it  is  for  the  railroad 
running  through  the  community,  so  that,  in  the  end  the  benefit 
will  be  twofold.  I  think  the  more  we  keep  this  in  mind,  the 
greater  the  advantages  will  be  to  our  industry,  and  as  Mr.  Bas- 
ford  said,  at  the  end  of  ten  years  we  will  be  more  than  pleased 
at  the  results  obtained. 

The  President  :  Mr.  Cross,  we  will  be  pleased  to  hear  from 
you  in  closing  the  discussion  on  this  subject. 

Mr.  Cross  (N.  Y.  Central  Lines)  :  The  remarks  of  Mr. 
Tonge  are  worthy  of  special  consideration,  as  he  is  a  veteran  in 
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the  service  and  has  been  a  champion  of  apprenticeship  for  a 
great  many  years. 

The  apprenticeship  club  described  by  Mr.  Bentley  will,  no 
doubt,  prove  to  be  an  important  factor  in  increasing  the  fellow- 
ship of  the  apprentices,  and  they  will  all  reap  great  benefit  from 
this  voluntarily  chosen  opportunity  for  self  improvement. 

Mr.  Gaines  said  that  if  a  boy  puts  in  his  evenings  studying, 
it  is  of  decided  benefit  to  him.  There  is  no  denying  this  fact,  but 
it  has  been  demonstrated  that  much  better  progress  can  be  made 
with  the  boys  with  benefit  to  the  company  employing  him,  if  he 
is  given  school  instruction  during  working  hours,  which  will 
thereby  enable  the  company  to  use  him  to  better  advantage  in 
their  service.  It  is  also  well  to  note  that  under  this  plan  the 
apprenticeship  is  more  attractive  and  a  better  class  of  boys  can 
be  secured. 

Mr.  F.  W.  Thomas,  Supervisor  of  Apprentices  of  the  Santa 
Fe,  g^ve  a  very  short  and  modest  description  of  their  apprentice- 
ship system.  The  fact  is  that  the  Santa  Fe  has  developed  this 
work  to  an  admirable  extent  and  that  the  company  is  reaping  the 
benefits  already  with  prospect  of  still  further  good  results. 

In  reply  to  Mr.  Wildin,  would  say  the  skilled  mechanics  have 
no  prejudice  against  the  boys  who  receive  the  combination  shop 
and  school  training.    Quite  the  reverse  is  the  case. 

Mr.  Hicks  of  the  Santa  Fe  described  the  benefits  he  has 
received  in  his  shop  from  the  use  of  the  special  instruction.  This 
testimony  is  of  special  importance  because  it  represents  experi- 
ence on  the  Santa  Fe  Road,  a  road  which  has  gone  into  this 
subject  very  thoroughly. 

Mr.  DeVoy  does  not  believe  it  is  necessary  to  have  a  special 
mstnictor  for  apprentices.  It  is  not  the  intention  to  presume 
that  the  instructor  could  possibly  be  expert  in  all  trades;  his 
position  is  rather  to  supervise  the  course  of  the  boys  through  the 
shop  and  the  control  of  the  boy  is  under  the  foreman  as  usual. 
I  feel  quite  sure  that  although  the  Milwaukee  Road  has  an 
excellent  system  of  apprenticeship,  it  could  be  made  still  better 
by  adding  the  feature  of  shop  instruction  and  school  attendance 
during  working  hours,  with  the  boys  given  a  chance  in  the 
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drawing-room,  as  mentioned  by  Mr.  DeVoy,  made  a  part  of  the 
apprentice  course. 

Mr.  J.  H.  Manning  of  the  Delaware  &  Hudson  has  the  right 
idea  and  is  doing  excellent  work  on  his  road.  The  shops  on  his 
road  are  in  the  midst  of  a  manufacturing  vicinity  where  it  is 
difficult  to  secure  young  men  of  the  right  sort.  We  understand 
the  results  which  have  been  obtained  by  apprentice  training  have 
thus  far  been  very  satisfactory. 

Mr.  Sinclair  emphasizes  the  necessity  of  carefully  selecting 
the  instructors.    This  feature  is  most  important. 

Mr.  A.  E.  Manchester  emphasizes  the  desirability  of  avoid- 
ing as  far  as  possible  the  hot-house  product  in  apprenticeship. 
We  thoroughly  agree  with  him.  Also  agree  with  him  as  to  the 
desirability  and  importance  from  a  company  standpoint  of  giving 
the  apprentice  boy  a  good  opportunity  to  learn  the  business  in  all 
of  its  branches.  The  excellent  results  being  obtained  by  Mr. 
Manchester  are  well  known,  but  could  be  improved  by  the  use 
of  a  shop  instructor  and  classes  during  working  hours. 

Mr.  Quereau  is  fully  conversant  with  the  difficulties  of  carry- 
ing on  an  apprenticeship  training  without  the  use  of  persons 
especially  trained  to  the  work,  and  is  also  familiar  with  the 
benefits  derived  from  the  proper  system. 

Mr.  E.  A.  Miller  mentions  the  desirability  of  making  the 
service  attractive  to  the  apprentice  when  he  has  finished  his  time. 
A  little  reflection  will  convince  anyone  that  a  young  man  who 
has  served  a  proper  apprenticeship  is  certainly  worth  as  much  to 
his  employer  as  the  average  mechanic  hired  in  the  open  market. 

Mr.  Vauclain  emphasizes  the  desirability  of  special  super- 
vision of  apprentices  and  also  gives  a  few  words  of  encourage- 
ment for  a  large  class  who  may  be  called  "  ordinary "  boys. 
These  are  the  chaps,  to  use  his  language  "  who  think  slowly,  but 
think  thoroughly,  and  can  be  depended  lipon  from  year  to  year 
to  perform  loyal  and  efficient  service."  The  boys  with  extraor- 
dinary capabilities  will  get  along  all  right. 

Mr.  Flory  described  the  excellent  work  being  done  on  the 
Central  R.  R.  of  New  Jersey  under  the  supervision  of  Mr. 
Mcintosh.     Mv  information  is  that  their  road  was  the  first  to 


Digitized  by  VjOOQIC 


203 

introduce  day  classes  during  working  hours,  and  the  company 
has  derived  benefit  from  the  training  of  apprentices. 

Mr.  Basford  expresses  clearly  what  is  intended  to  be  the  work 
of  the  shop  instructor.  He  evidently  believes  this  movement  has 
now  obtained  such  impetus  that  it  can  not  be  stopped.  He  also 
points  out  the  necessity  for  guiding  its  progress  carefully  and 
well.  The  thorough  cooperation  and  enthusiastic  support  of  all 
the  officials  concerned  is  necessary  in  order  to  make  the  move- 
ment a  complete  success. 

ilr.  Deems  expresses  the  practical  utility  of  the  apprenticeship 
system  in  his  remark,  "  If  you  are  going  to  get  something  out 
of  the  soil,  you  have  got  to  put  something  into  it." 

The  apprenticeship  system  described  is  intended  to  provide 
for  recruiting  the  service  by  combining  the  shop  instruction  with 
the  theoretical  training.  We  feel  that  the  work  has  now  passed 
the  experimental  stage  and  has  become  a  regular  part  of  the  work 
of  railroads. 

The  specific  value  of  this  plan  of  training  is  that  it  enables 
the  railroads  to  reap  an  immediate,  as  well  as  an  ultimate  benefit 
from  the  work  done  by  apprentices  due  to  the  special  training 
they  receive  both  in  the  shop  and  schoolroom.  The  aim  is  to  have 
a  light  crop  over  a  large  area,  rather  than  a  phenomenal  growth 
of  a  few  plants. 

The  progress  made  during  the  year  indicates  a  substantial 
gprowth  of  the  idea  of  apprenticeship  training  for  recruiting  the 
service.  The  apprentices  everywhere  acknowledge  by  their 
earnestness  their  gratitude  for  the  opportunity  offered  for  their 
self  improvement. 

At  this  time,  we  could  not  do  better  than  quote  from  the  able 
paper  of  Mr.  Basford,  read  before  this  Association,  entitled, 
"The  Technical  Education  of  Railroad  Employees  —  The  Men 
of  the  Future,"  at  the  1905  convention,  as  follows: 

"The  suggestion  is  that  recruits  in  shops  (and  this  applies 
in  principle,  though  not  in  detail,  to  other  service),  should  be 
taken  in  as  apprentices.  They  should  be  given  shop  training 
which  will  increase  their  earning  capacity  to  the  utmost,  and  they 
should  be  placed  under  the  direction  of  men  of  such  character  and 
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moral  influence  as  to  lead  them  to  form  correct,  broad  and  honest 
views  of  life  and  their  proper  relations  with  other  men  and  their 
employers.  Parallel  with  the  shop  training,  attendance  during 
working  hours  at  a  school,  provided  and  maintained  by  the  road, 
should  be  required ;  and  for  this  a  new  kind  of  school  must  be 
developed,  as  a  new  kind  of  apprenticeship  must  be  developed  — 
the  kind  that  will  meet  the  individual  cases.  They  must  be  dealt 
with  in  classes  or  by  fixed  rules.  The  school  must  be  one 
wherein  the  shop  and  the  studies  go  hand  in  hand.  While  the 
shop  hours  are  taken  for  the  school,  home  work  should  be  rigidly 
required.    Life  must  not  be  made  too  easy  for  the  apprentices." 

Mr.  Vaughan  :  I  move  that  the  committee  be  congratulated 
on  the  excellent  report  and  principles  recommended  by  them; 
and  that  the  report  be  adopted  and  that  the  principles  recom- 
mended by  the  committee  be  endorsed  by  this  Association  as 
recommended  practice  and  substituted  for  the  code  of  apprentice- 
ship rules  adopted  in  1898. 

The  President:  Gentlemen,  you  have  heard  the  motion  of 
Mr.  Vaughan,  that  the  recommendations  of  this  committee  be 
adopted  to  supplant  the  recommendations  adopted  in  1898. 

(The  motion  was  seconded  and  carried.) 

The  Prestoent  :    The  Secretary  will  read  an  announcement. 

The  Secretary  :  The  following  resolution  was  adopted  last 
evening  at  the  meeting  of  the  Executive  Committee : 

Whereas,  A  subcommittee  of  the  American  Railway  Association  has 
made  certain  recommendations  looking  to  the  coordination  of  the  work  of 
the  voluntary  railway  associations  with  that  of  their  own; 

Be  It  Resolved,  That  the  President  of  this  Association  be  empowered 
to  appoint  a  committee  from  its  officers  to  confer  with  the  American 
Railway  Association  when  requested. 

The  PREsn>ENT:  A  motion  to  adopt  this  recommendation 
of  the  Executive  Committee  is  in  order. 

Mr.  p.  H.  Peck:  I  move  the  adoption  of  the  recommenda- 
tion of  the  Executive  Committee. 

w 

The  motion  was  seconded  and  duly  carried. 

The  President  :    The  next  subject  before  the  Association  is 

Digitized  by  VjOOQIC 


205 


an  important  one.    We  will  now  have  the  report  of  the  Committee 
on  Superheating,  Mr.  H.  H.  Vaughan,  chairman. 

Mr.  Vaughan  presented  the  report. 


REPORT  OF  COMMITTEE  ON  SUPERHEATING. 

To  the  Members: 

Your  Committee  on  Superheating  begs  to  report  as  follows : 

During  1907  comparatively  few  engines  were  equipped  with  super- 
heaters in  the  United  States,  although  the  Canadian  Pacific  Ry.  continued 
to  apply  them  to  all  road  engines  it  constructed,  173  in  all,  bringing  the 
total  number  of  superheater  engines  on  that  road  to  350,  of  which  no 
are  consolidation  freight,  192  ten-wheel  freight  and  48  passenger  engines. 

The  most  important  development  in  the  United  States  has  been  with 
the  "  Baldwin  "  or  "  Vauclain  **  superheater,  52  engines  having  been  con- 
structed during  the  year  1907  equipped  with  this  device.  With  this  excep- 
tion the  only  other  engines  constructed  during  the  year  with  superheaters 
were  two  on  the  Union  Pacific  Railway,  one  of  which  was  equipped  with 
the  "  Vaughan-Horsey  "  smoke-tube  superheater,  the  other  with  the  "  Union 
Pacific"  smokebox  type.  ^ 

A  statement  of  the  engines  equipped  during  the  year  so  far  as  ascer- 
tained is  as  follows: 


Road. 

Type  of 
Superheater. 

No.  of 
Engines. 

C  R.  I.  &  P.  Ry 

Vauclain 

1 

P.  S.  &  Northern 

u 

1 

Central  Railway,  Brazil 

a 

2 

Chicago  &  Alton 

u 

1 

A.  T.  &  Santa  Fe   

u 

49 

Central  of  Georgia 

u 

1 

Union  Pacific 

Vaughan-Horsey. . . 

1 

Union  Pacific 

Union  Pacific 1              1 

O&nadian  Pacific 

Vaughan-Horsey 17.^ 

The  "  Vauclain "  superheater  may  now  be  said  to  have  developed 
beyond  the  experimental  stage.  It  is  of  the  smokebox  type,  in  which  the 
waste  heat  of  the  front  end  gases  is  utilized  to  superheat  the  steam  on  its 
way  to  the  cylinders. 
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It  is  illustrated  in  Fig.  i,  and  consists  of  two  cast-steel  headers  in  the 
upper  and  two  in  the  lower  portion  of  the  smokebox,  the  upper  headers 
having  a  passage  extending  from  the  T-pipe  flange  at  the  back  of  the 
header  to  a  cavity  in  the  front  of  the  header,  which  is  divided  into  three 
chambers  by  longitudinal  and  transverse  ribs.  | 

The  lower  header  is  U-shaped  in  section,  divided  into  three  chambers  j 

by  transverse  ribs,  the  steam-pipe  flange  opening  into  the  back  chambers,  | 

The  headers  are  each  open  on  the  face,  which  is  closed  by  a  flange 
plate  jointed  to  the  header  by  bolts.  Tubes  i%  inches  in  diameter.  No. 
13  B.  W.  G.  thick,'  are  expanded  into  the  flange  plates,  there  being  in  the 
design  shown  256  of  these  tubes  in  all. 

The  steam  passes  from  the  dry  pipe  to  the  upper  chambers  at  the 
front  of  the  upper  headers,  thence  through  the  tubes  to  the  front  chamber 
of  the  lower  headers  and  back  through  other  tubes  to  the  lower  chamber 
of  the  upper  header,  thence  to  the  middle  chamber  of  the  lower  header, 
back  to  the  upper  header  and  thence  to  the  rear  chamber  in  the  lower 
header,  from  which  the  steam  connection  leads  to  the  cylinders.  A  steel 
plate  partition  within  the  tubes  causes  the  gases  issuing  from  the  flue- 
sheet  to  transverse  the  superheater  tubes  on  their  way  to  the  stack,  in 
order  to  obtain  as  much  benefit  as  possible  from  the  heat  they  contain. 

This  arrangement  is  evidently  somewhat  similar  to  the  "  Schmidt " 
smoke-box  superheater,  with  the  exception  that  the  large  flue  leading  from 
the  firebox  to  the  front  end,  which  in  Schmidt's  design  enabled  a  high 
degree  of  superheat  to  be  obtained,  has  been  omitted,  and  consequently  the 
only  heat  available  for  superheating  the  steam  is  that  contained  in  the 
gases  after  leaving  the  evaporating  tubes. 
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The  Baldwin  Locomotive  Works  have  furnished  particulars  of  a  test 
on  this  superheater  conducted  on  the  Chicago,  Rock  Island  &  Pacific  Rail- 
way. The  engine  tested  was  a  consolidation  weighing  237^00  pounds, 
of  which  210,000  pounds  was  on  the  drivers,  and  the  principal  dimensions 
as  follows: 

Cylinders 22  by  28  inches. 

Valves ^lide  balance. 

Boiler,  type Straight. 

Boiler,  diameter 80  inches. 

Boiler,  pressure  per  square  inch J63  pounds. 

Firebox,  length 120  inches. 

Firebox,  width 7254  inches. 

Heating  surface,  firebox 179  square  feet. 

Heating  surface,  tubes 3,658  square  feet. 

Heating  surface,  totil 3,837  square  feet. 

Driving  wheels 63  inches. 

The  test  consisted  of  six  runs  on  the  Illinois  Division  between  Blue 
Island  and  Silvis,  a  distance  of  158  miles,  and  six  on  the  £1  Paso  Division 
between  Delhart  and  Tucumari,  a  distance  of  93^  miles.  The  general 
averages  of  the  results  obtained  were  as  follows : 

GENERAL  AVERAGES. 


Number  of  cars 

Weight  of  train  exclusive  of  weight  of 
engine  and  tender 

Number  of  stops 

Time  consumed  in  stops 

Total  time  of  run 

Speed 

Indicated  horse-power 

Weight  of  coal  (losses  subtracted)  .... 

Weight  of  coal  per  indicated  horse- 
power per  hour 

Weight  of  coal  per  ton  mile 

Weight  of  water  (losses  subtracted) . . . 

Weight  of  water  per  indicated  horse- 
power hour 

Weight  of  water  per  ton  mile 

Equivalent  evaporation 

Superheat  (from  initial  pressure  of 
cards) 

Superheat  (from  boiler  pressure) 

Temperature  of  steam  chest 

Boiler  pressure 

Tractive  effort 

Length  of  run 

Coal  per  square  foot  of  grate  surface 
per  hour 


Illinois  Div. 


El  Paso  Div. 


45  loaded-25  light.,  37  loaded-21  light. 


2,327.0  tons. 

14.7. 

3  hrs.  16  mins. 

12  hrs.  57  mins. 

16.1  M.  P.  H. 

821.5. 
33,987.0  lbs. 

4.23  lbs. 
.091  lbs. 
217,706.3  lbs. 

27.5  lbs. 
.597  lbs. 

7.86  lbs. 

48. 8T. 

24.63''  F. 

386.3*»F. 

154.4  lbs. 

21,375.0  lbs. 

157.0  miles. 

57.6  lbs. 


1,833.4  tons. 

3.8. 

1  hr.  33  mins. 

6  hrs.  29  nuns. 

15.5  M.  P.  H. 

891.6. 

15.752.6  lbs. 

3.86  lbs. 
.119  lbs. 
9737.7  lbs. 

22.6  lbs. 
.721  lbs. 
7.54  lbs. 

56. 44*^  F. 

33.20°  F. 
403.6°  F. 
159.8  lbs. 

24.404.7  lbs, 
74.5  miles. 

54.9  Ibe. 
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During  the  first  two  runs  on  the  Illinois  Division  the  temperature  of 
the  front-end  gases  in  front  and  back  of  the  superheater  were  shown  to 
be  534°  and  635**  F.,  showing  a  drop  of  loi®  in  passing  through  the 
superheater.  An  interesting  comparison  was  also  made  by  taking  the 
temperatures  of  the  steam  in  the  valve  chest  of  a  simple  consolidation, 
which  averaged  24°  below  that  corresponding  to  saturated  steam  at  the 
boiler  pressure,  so  that  the  superheater,  which  showed  an  average  tem- 
perature in  the  steam  chest  of  from  25°  to  33®  above  *that  corresponding 
to  the  boiler  pressure,  may  be  assumed  to  have  raised  the  temperature  of 
the  steam  50°  to  60°. 

No  comparison  was  attempted  on  these  tests,  but  the  Baldwin  Locomo- 
tive Works  conclude  from  the  results  obtained  in  a  test  of  a  balanced 
compound  and  simple  engine  in  passenger  service,  and  from  the  results 
of  the  tests  at  St.  Louis,  that  a  locomotive  of  this  type  equipped  with  a 
superheater  will  give  a  saving  of  fifteen  per  cent  in  water  consumption 
and  eleven  per  cent  in  fuel  consumption  over  a  similar  simple  expansion 
engine.  An  interesting  comparison  made  during  the  test  was  the  increase 
in  tonnage  that  could  be  handled  by  the  superheater  in  proportion  to  the 
simple  engine,  and  the  absence  of  water  in  the  cylinders,  resulting  in 
decreased  trouble  with  the 'rod  packing.  No  trouble  was  experienced  in 
the  lubrication  of  the  balanced  slide  valves  with  the  ordinary  sight  feed 
lubricator. 

With  the  exception  of  the  more  extended  application  of  the  "Vau- 
clain"  superheater  during  the  past  year,  evidently  but  little  interest  has 
been  manifested  in  the  system,  and  yet  the  replies  from  these  roads  on 
which  superheater  engines  have  been  in  service  do  not  condemn  them. 
The  Great  Northern  Ry.,  which  has  one  passenger  and  one  freight  engine 
equipped  with  the  "  Schmidt "  smoke-tube  superheater,  report  two  coal 
tests  between  the  superheater  engines  and  simple  engines  of  practically 
identical  construction. 

In  passenger  service  a  test  on  the  Kalispell  Division  showed  a  saving  of 
13  per  cent  in  water  and  14^  per  cent  in  coal  per  car  mile,  while  in  freight 
service  on  the  Willmar  Division  the  saving  was  30^  per  cent  in  water 
and  2854  per  cent  in  coal  per  ton  mile,  the  coal  figures  being  I37J^  for  the 
simple  and  98  pounds  for  the  superheaters  per  1,000  ton  miles,  both  very 
satisfactory  figures  for  prairie  type  engines  in  freight  service  on  an 
undulating  road.  They  also  report  a  comparison  for  nine  months  between 
a  superheater  freight  engine  and  a  similar  simple  engine,  showing  137 
pounds  of  coal  per  1,000  ton  miles  for  the  superheater  against  171  for 
the  simple,  and  a  cost  for  repairs  of  4  cents  per  mile  against  3.87  cents,  a 
reduction  in  the  coal  consumption  of  20  per  cent  with  practically  the  same 
cost  of  repairs. 

The  Boston  &  Maine  R.  R.  reports  on  one  passenger  engine  equipped 
with  the  "Cole"  superheater,  that  while  the  original  arrangement  gave 
them  considerable  trouble  from  leaking  and  from  breakage  of  the  super- 
M-14 
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heater  pipes  near  the  header  castings,  when  the  engine  was  in  good  con- 
dition, it  has  given  excellent  service,  and  they  are  taking  steps  to  sub- 
stitute improved  details.  They  favor  further  improvement  until  better 
results  are  obtained  rather  than  the  abandonment  of  superheating. 

The  Qiicago  &  North- Western  Ry.  reports  with  reference  to  one 
passenger  engine  with  the  original  "Cole"  superheater,  which  originally 
gave  trouble  from  header  joints  leaking,  that  by  the  substitution  of  ground 
header  joints  this  Trouble  has  been  overcome,  and  states  that  the  results 
have  been  very  satisfactory  the  last  twelve  months. 

The  New  York  Central  reports  on  one  passenger  engine'  equipped  with 
the  "  Cole  "  superheater,  a  slight  reduction  in  the  coal  consumption  but  no 
conclusion. 

The  Soo  Line  reports  on  one  freight  engine  equipped  with  the  original 
"Cole"  superheater,  that  they  have  experienced  no  trouble  except  with 
leaks  in  the  header  connections,  and  while  they  can  not  give  accurate 
figures  showing  consumption  of  coal,  there  is  evidently  a  saving,  and  the 
engine  handles  a  train  better  than  other  engines. 

The  Lake  Shore  &  Michigan  Southern  Ry.  reports  on  two  passenger 
engines,  one  equipped  with  the  original  "  Cole "  and  the  other  with  the 
"  Vaughan-Horsey "  superheater,  that  no  further  tests  have  been  made. 
They  have  experienced  difficulty  in  their  operation  as  follows: 

1.  The  lubrication.  This  was  first  attempted  with  the  forced  feed 
lubricator,  and  afterward  the  ordinary  sight-feed  lubricator  was  found 
to  give  entire  satisfaction. 

2.  On  the  "Vaughan-Horsey"  superheater  the  top  header  broke  due 
to  faulty  design,  which  has  been  overcome  by  changes  in  the  cross  section 
from  square  to  round. 

3.  A  number  of  the  superheater  tubes  have  cracked,  but  no  remedy 
has  been  suggested. 

Their  conclusion  is  that  the  superheater  passenger  engines  have  on 
the  whole  been  satisfactory,  and  that  while  certain  defects  have  developed, 
they  are  not  of  a  nature  that  presents  any  serious  difficulty.  The  engines 
have  proved  distinctly  superior  to  simple  engines  of  corresponding  types 
both  in  economy  in  fuel  and  their  capacity  for  handling  their  trains.  They 
consider  superheating  a  very  promising  improvement  and  intend  to  apply 
it  to  a  considerably  greater  extent. 

The  Canadian  Pacific  Railway,  which,  as  this  report  states,  has  a 
large  number  of  superheater  engines  in  service,  is  operated  in  two  systems, 
the  Lines  East  and  West  of  Fort  William  respectively,  and  Mr.  Grant 
Hall,  Superintendent  of  Motive  Power  of  the  Lines  West,  has  furnished 
a  report  from  the  Master  Mechanics  of  the  three  divisions  under  his 
charge,  having  a  total  of  103  superheater  engines  at  the  commencement 
and  143  at  the  end  of  the  year.  As  these  statements  cover  a  fairly 
extended  experience  with  the  original  "  Cole,"  "  Schmidt "  and  "  Vaughan- 
Horsey  "  superheaters,  extracts  from  them  are  quoted  as  follows : 
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"We  experience  trouble  in  keeping  large  superheater  tubes  free  and 
clear  from  cinders,  which,  if  not  done,  the  benefit  of  the  superheater  is 
lost.  I  find  that  the  large  tube  fills  up  and  becomes  choked,  starting  from 
firebox  end  extending  about  two  feet  in  if  not  kept  after  and  cleaned  out 
regularly;  to  do  this  we  use  a  rod,  pulling  back  deposit  with  a  rod  with 
a  bent  end  and  then  finish  up  by  blowing  them  through  with  air.  We 
also  find  that  the  small  steam  pipes  get  coated  with  soot,  wljich  also  pre- 
vents us  getting  full  benefit  of  the  heat  passing  through  the  tube,  which  is 
only  partly  overcome  by  repeated  blowing  out  with  air. 

"  The  *  Schmidt '  type  is  giving  us  very  little  trouble  on  this  Division, 
perhaps  not  so  noticeable  on  account  of  only  having  one  engine  of  this 
type.  The  main  top  header  on  this  engine;  however,  has  failed  twice 
by  cracking  around  the  neck  between  the  header  and  the  flange  which 
bolts  to  tube  sheet. 

"The  jointing  arrangement  small  superheater  pipes  has  not  given  us 
any  trouble  whatever  from  leaking  or  slackening  back,  which  is  frequent 
with  other  types. 

"The  *Cole'  type  is  a  constant  trouble  from  leakage  at  joints  where 
small  headers  bolt  to  main  header  and  can  not  be  maintained  tight  for  any 
length  of  time.  In  tightening  them  up,  which  is  frequently  done,  the 
studs,  which  were  enlarged  from  ^  to  7^  inch,  are  strained,  "broken  and 
pulled  out  from  main  header.  When  leaking,  the  flat  face  on  main  header 
as  well  as  the  grooved  bed  in  the  small  headers  are  cut  by  steam  leaks, 
necessitating  plugging,  etc.,  making  it  very  costly  to  maintain,  not  saying 
anything  about  holding  engine  out  of  service  or  extra  fuel  consumption. 

"  The  *  Vaughan-Horsey '  type  causes  trouble  by  the  union  joints  leak- 
ing, caused  by  nuts  slackening  off  them  where  jointed  to  main  header, 
and  have  to  be  opened  up  as  often  as  business  will  permit  and  gone  over 
to  avoid  failures ;  this  being  the  only  trouble  we  have  with  this  type  out- 
side of  the  returns  burning  out  occasionally,  which  is  equal  on  all  types." 

"  I  am  in  favor  of  superheated  steam  in  both  passenger  and  freight 
service,  and  consider  that  we  get  good  results  when  the  arrangement  is 
working  satisfactorily  and  free  from  leaks.  The  system  should  be  improved 
on  to  lessen  the  maintenance  work,  and  the  question  of  lubrication  most 
thoroughly  gone  into  with  a  view  of  reducing  the  number  of  piston  and 
valve  rings  that  are  being  used. 

"With  the  quality  of  the  oil  we  are  using  we  find  it  necessary  to 
renew  piston  rings  every  four  or  five  weeks  and  the  valve  rings  every  two 
months.  When  piston  rings  are  removed,  if  not  broken,  they  are  worn 
down  to  about  f^  inch  thick. 

"Have  had  very  little  difficulty  with  respect  to  superheater  tubes 
stopping  up,  but  it  is  absolutely  necessary  that  the  damper  in  smokebox 
be  kept  in  working  order. 

"  With  the  '  Schmidt '  superheaters  we  experience  considerable  diffi- 
culty in  keeping  flange  joints  tight  where  bolted  on  header.     Have  had 
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one  header  broken  off  close  outside  of  flange  where  bolted  on  to  round 
head.  With  the  '  Vaughan-Horsey '  type  we  have  quite  a  lot  of  trouble 
with  the  brass  ring  nut  at  connections,  but  using  the  mild  steel  nut,  I  think, 
will  overcome  this  to  a  great  extent. 

"  My  experience  with  superheated  steam  in  freight  service  is  satis- 
factory; have  no  engines  in  passenger  service  equipped  with  superheated 
steam. 

"  In  regard  to  the  superheater  tubes  blocking  up  in  the  smoke  tube 
class.  We  have  had  some  difficulty  in  keeping  the  smoke  tube  clean,  and 
the  only  way  to  get  good  results  is  to  blow  them  out  each  trip  with  air: 
doing  so  we  have  been  able  to  keep  them  in  good  condition. 

"  We  have  had  considerable  trouble  with  the  piston  and  valve  rings 
of  the  superheater  type.  This  trouble  has  been  eliminated  to  a  large  extent 
by  making  a  more  rigid  examination  of  rings  and  feed  attachments  to 
valves  and  cylinders,  also  by  making  a  perfect  fit  of  new  rings  when 
applied  to  piston.  Another  important  feature  toward  the  maintenance  is 
the  superheater  dampers  and  their  attachments.  To  keep  these  in  working 
condition  it  is  necessary  to  inspect  them  thoroughly  every  week,  which 
will  prevent  any  trouble  from  defective  dampers,  pistons  on  brackets.  The 
worst  feature  is  the  possibility  of  engine  failures  on  account  of  super- 
heater pipes  bursting  and  leaking;  they  give  no  warning  and  it  is  impos- 
sible to  detect  them  before  giving  out. 

"  In  connection  with  superheaters  in  freight  service,  the  only  difficulty 
was  in  the  large  tubes  leaking  badly,  making  it  necessary  to  expand  them 
every  round  trip.  In  passenger  service  I  consider  them  very  satisfactor}\ 
both  in  efficiency  for  this  class  of  work  and  for  the  light  maintenance  of 
same." 

Mr.  Hall  has  also  written  a  general  statement  of  his  experience  from 
which  the  following  are  extracts : 

"  We  find  that  the  superheater  tubes  plug  up  to  a  certain  extent,  but 
we  overcome  this  by  blowing  out  with  air.  The  '  Cole  *  type  only  has 
given  us  trouble  maintaining  header  joints.  In  passing  I  might  say,  for 
your  information,  that  the  '  Cole  *  superheater  has  given  us  so  much 
trouble  in  this  respect  that  I  would  not  recommend  its  use.  We  have  had 
very  little  trouble  with  the  *  Schmidt '  type,  the  principal  trouble  being 
one  that  can  be  overcome,  namely,  the  cracking  of  the  superheater  header 
through  the  neck.  The  only  difficulty  that  has  been  experienced  with  the 
*  Vaughan-Horsey  *  has  been  the  slackening  off  of  the  nuts  coupling  up  the 
superheater  pipe  to  the  header ;  this  type  of  superheater  is  an  easy  propo- 
sition to  maintain. 

"  In  regard  to  lubrication.  We  have  had  nothing  in  the  shape  of  forced 
feed  that  gave  satisfaction,  and  have  none  now  in  service,  being  replaced 
entirely  by  sight-feed  lubrication.  It  is  not  necessary  that  we  have  separate 
cylinder  connections,  but  I  do  consider  it  necessary  to  have  connection  to 
each  end  of  the  valve  bushing  when  using  superheated  steam.    My  experi- 


Digitized  by  VjOOQIC 


213 

ence  with  superheated  steam  in  both  passenger  and  freight  service  is  satis- 
factory." 

On  the  Lines  East  of  the  Canadian  Pacific  for  which  the  Chairman 
of  the  Committee  is  reporting,  practically  the  only  superheater  in  use  is 
the  "  Vaughan-Horsey,"  as  those  with  the  "  Schmidt "  are  on  Lines  West 
and  most  of  the  original  "  Cole  "  have  been  converted. 

The  important  question  during  the  past  year  has  not  been  one  of 
economy  but  of  maintenance,  not  with  respect  to  cost,  for  in  that  respect 
the  addition  of  a  superheater  is  not  noticeable,  but  with  respect  to  relia- 
bility. Engine  failures  are  annoying  and  expensive,  and  no  device  can  be 
a  permanent  success  which  introduces  them  to  any  extent.  The  important 
troubles  that  have  developed  during  the  last  year  have  been  three  in 
number : 

1.  Leakage  at  the  union  connections  between  the  superheater  pipes 
and  the  header  due  to  nuts  slackening  off. 

2.  Bursting  and  splitting  of  superheater  pipes. 

3.  Breakage  of  superheater  header. 

Leakage  at  the  union  connections  was  at  first  caused  by  bra§s  nuts 
having  been  used,  and  with  the  change  to  steel  nuts  it  appeared  to  have 
ceased.  Considerable  trouble  has,  however,  been  experienced  with  the 
steel  nuts,  although  not  universally,  as  on  some  divisions  it  is  practically 
nil,  but  in  many  cases  the  nut  has  slacked  off  entirely,  causing  a  complete 
and  annoying  failure..  The  reasons  appear  to  be  poor  workmanship  and 
insufficient  strength  of  the  nuts.  With  stronger  nuts  and  proper  work- 
manship, both  of  which  can  be  arranged  for,  this  trouble  should  be  over- 
come, but  it  has  been  decided  to  apply  lock  nuts  of  which  several  designs 
are  now  on  trial,  which  will  without  a  doubt  overcome  the  difficulty;  and 
while  a  monthly  inspection  is  required,  failures  from  this  cause  will  be 
avoided. 

Bursting  and  splitting  of  superheater  pipes,  while  not  frequent,  can 
be  avoided  only  by  proper  maintenance  of  the  dampers.  This  defect  does 
not  occur  frequently,  and  is  no  doubt  partly  due  to  insufficient  care  having 
been  taken  in  putting  up  the  pipes  to  the  correct  lengths. 

Breaking  of  superheater  headers,  w^hile  not  frequent,  has  occurred 
several  times,  but  can  be  stated  definitely  to  be  a  defect  in  design. 

Only  top  headers  have  broken  and  these  all  in  practically  the  same 
place,  at  the  junction  of  the  steam-pipe  flange  with  the  header.  By  chang- 
ing the  form  and  insuring  a  stronger  metal,  there  is  little  doubt  of  this 
trouble  being  overcome. 

The  number  of  failures  from  the  above  causes  have  not  on  the  whole 
been  excessive.  From  April  i,  1907,  to  January  31,  1908,  thirty-nine  super- 
heater engines  in  passenger  service  made  a  total  of  1,382,820  miles  with  a 
total  of  fifteen  failures.  Of  these  nine  were  due  to  joints  leaking,  four  to 
pipes  bursting  and  two  to  headers  breaking.  The  number  of  miles  per 
engine  failure  was  therefore  92,188,  and  as  eleven  of  these  failures  are 
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from  causes  that  can  be  overcome  it  is  evident  that  when  this  is  done  the 
unavoidable  failures  are  not  a  serious  drawback. 

Figures  are  not  available  giving  the  failures  in  freight  service  with 
any  degree  of  accuracy,  as  if  the  records  were  taken  as  they  stand  they 
would  show  so  small  a  number  of  failures  that  their  unreliability  would 
be  evident,  but  those  in  passenger  service  are  reasonably  correct. 

So  far  as  the  cost  of  repairs  is  concerned  the  addition  of  a  superheater 
does  not  appear  to  be  noticeable.  The  superheater  itself  certainly  costs 
something  to  maintain,  as  do  the  necessary  inspection  of  its  parts,  but  the 
net  result  is,  so  far  as  the  records  on  the  Canadian  Pacific  Ry.  are  con- 
cerned, in  favor  of  the  superheater  as  against  any  other  class  of  engines, 
and  there  is  no  evidence  whatever  of  increased  cost. 

While  discussing  the  difficulties  introduced  by  the  application  of  super- 
heaters there  are  certain  advantages  which  to  a  large  extent  offset  them. 
Where  simple  engines  have  been  converted,  they  have  shown  an  increase 
in  capacity  that  may  be  roughly  estimated  at  about  ten  per  cent.  They 
run  more  freely  and  are  decidedly  easier  on  their  fire,  allowing  an  inferior 
grade  of  coal  to  be  burned  with  less  difficulty ;  to  an  extent  which  caused 
a  superheater  passenger  engine  to  handle  trains  withqut  loss  of  time  when 
similar  simple  engine  failed  to  do  so.  There  is  also  a  notable  absence  in 
superheaters  of  the  trouble  caused  by  water,  and  on  the  whole,  providing 
the  difficulties  mentioned  are  overcome,  it  is  a  close  question  whether 
superheater  engines  will  not  average  less  failures  than  a  corresponding 
number  of  simple  engines,  and  they  will  certainly  haftdle  heavier  trains  and 
make  time.  Where  coal  is  expensive  and  the  question  is  one  of  the 
adoption  of  a  compound  or  a  superheater,  there  is  no  doubt  that  the  latter 
will  give  greater  economy,  with  a  smaller  cost  for  repairs  and  less  trouble. 

The  results  in  fuel  consumption  appear  to  confirm  the  statements 
made  in  the  last  report,  namely,  ten  to  fifteen  per  cent  in  freight 
service  and  fifteen  to  twenty  per  cent  in  passenger  service.  It  does  not 
appear  necessary  to  present  these  figured  in  detail,  as  this  has  been  done 
in  previous  years,  but  the  results  for  July  to  December,  inclusive,  have  been 
gone  over  by  sections  and  months,  those  cases  being  selected  in  which 
sufficient  work  was  performed  by  the  two  classes  of  engines  being  com- 
pared to  render  the  results  reasonably  reliable. 

The  equivalent  coal  is  the  coal  which  the  class  of  engine  shown  would 
have  burned  had  its  consumption  per  ton  mile  been  equal  to  that  of  the  class 
taken  as  the  basis  of  comparison,  while  its  relative  consumption  is  the 
proportion  of  the  actual  to  the  equivalent  coal.  As  these  quantities  are 
calculated  month  by  month  and  the  traffic  and  weather  conditions  thus 
equalized,  this  method  is  comparatively  accurate. 

The  comparison  of  simple  consolidation  engines  class  M-4b  with 
similar  "  Vaughan-Horsey  *'  superheaters  is  shown  in  Table  i,  from  which 
the  average  consumption  of  the  simple  engines  works  out  at  113^2  per  cent 
of  that  of  the  superheaters. 
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The  consumption  of  compound  ten-wheel  freight  engines  D-g  and 
"Cole"  superheaters,  D-ioc  with  " Vaughan-Horsey "  superheaters,  is 
shown  in  Table  2,  from  which  the  average  consumption  of  the  compound 
engines  works  out  at  100  per  cent  and  that  of  the  "  Cole  "  superheater  at 
107  per  cent  of  that  of  the  "  Vaughan-Horsey  "  superheater. 

Table  3  shows  the  comparison  of  Pacific  type  superheater  engines, 
Qass  G-2,  and  of  teivwheel  superheater,  E-5g  with  ten-wheel  simple 
engines,  Class  £-5.  The  ten-wheel  superheaters  are  engines  converted  from 
simples  and  are  otherwise  similar.  From  this  table  the  saving  in  fuel  on 
the  converted  engine  works  out  at  21  per  cent  and  that  of  the  Pacific 
type  at  22^  per  cent  on  Lines  East,  but  this  figure  is  subject  to  the  larger 
engine  doing  more  work  for  the  same  weight  of  train  or  handling  heavier 
trains,  although  only  certain  sections  have  been  included  where  this  varia- 
tion is  a  minimum.  The  results  on  the  Brandon  &  Swift  Current  sections 
are  remarkable  in  view  of  the  large  amount  of  coal  burned,  and  show,  with 
a  total  of  5,250  tons,  a  saving  of  about  35  per  cent. 


Table  1. 


SECTION. 

Class. 

CoaL 

Relative 

Actual 

Equivalent. 

ConsumptioiL 

Farnhain 

Newport 

Havelock 

Toronto 

London 

M-4b 

M 

a 

a 
u 

tt 
u 

2,999 
1,121 
86 
2,385 
618 
1,204 
8,413 

2,683 

885 

80 

2,162 
546 

1,052 

7,408 

Per  Cent 
112 
127 
107  J 
108 
113 

North  Bay 

114 

AU 

113i 

Table  2. 
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Table  3. 


North  Bay . . 
Qiapleau  ... 
White  River. 
All 

Brandon .... 
Swift  Current 
North  Bay . . 
Smith's  Falla , 


72 
74 
83 
77J 

66 
64 

79 

77 


The  replies  show  that  the  question  of  lubrication  appears  to  have  been 
settled  by  all  roads  resorting  to  the  sight-feed  lubricator. 

Two  roads  report  satisfactory  results  with  a  single  central  connection 
to  the  valve  chest  as  on  ordinary  simple  engines,  but  the  majority  are 
using  the  separate  cylinder  connection  with  either  one  central  or  two  sepa- 
rate connections  to  the  valve  chest. 

On  the  Canadian  Pacific  some  engines  are  running  with  one  central 
connection  to  the  valve  chest  and  no  cylinder  connection,  but  the  preferred 
arrangement  is  the  separate  connection  to  the  cylinders  with  one  feed  to 
the  valve  chest  split  to  feed  to  both  ends.  The  cylinder  connection  feed 
is  generally  cut  down  to  a  very  small  amount  when  running  and  most  of 
the  oil  fed  through  the  valves,  but  the  majority  of  the  men  prefer  to  have 
it  in  case  it  is  required. 

Your  committee  does  not  feel  that  it  is  called  on  to  present  any 
conclusions  or  recommendations  on  this  subject,  and  prefer  to  simply  state 
the  facts  so  far  as  they  have  been  able  to  obtain  them  for  your  considera- 
tion." 


H.  H.  Vaughan,  Chairman, 
L.  G.  Parish, 
R.  D.  Hawkins, 

Committee. 


Montreal,  Can.,  May  15,  1908. 


Mr.  Vaughan:  In  passenger  service  I  wish  to  modify  the 
figures  in  Table  3,  in  which  the  G-2  engine  superheaters  are 
shown  as  having  burned  sixty-six  and  sixty- four  per  cent  respect- 
ively, of  the  coal  used  by  the  simple  engines.  After  getting  those 
figures  together  and  going  into  it,  we  find  that  the  simple  engines 
have  been  used  on  lighter  trains  and  faster  trains  than  the  super- 
heaters on  an  average,  and  I  consider  that  a  good  deal  of  that 
saving  is  due  to  that  fact ;  but  I  do  consider  that  the  figures  for 
the  E-5g  and  G-2  engines,  on  the  first  four  lines  of  the  G-2 
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engines,  showing  a  saving  of  twenty-one  and  twenty-two  and  one- 
half  per  cent,  are  as  accurate  as  we  could  get  them  from  our 
road  figures. 

I  would  like  to  say  this  about  the  superheater  question.  We 
are  up  against  a  rather  peculiar  condition.  It  is  a  very  general 
thing  for  devices  that  show  a  substantial  saving  on  the  test  plant 
not  to  show  the  same  saving  when  applied  to  the  road.  Our 
figures  for  these  six  months,  which  I  really  consider  are  figures 
that  we  get  right  along,  show  a  greater  saving  on  the  road  than 
the  test  plant  figures  have  shown,  and  I  simply  must  confess  that 
I  do  not  understand  it,  unless  it  is  that  the  superheater  engines 
are,  as  a  general  thing,  preferred  by  the  men  running  them  and 
get  a  little  better  attention  or  get  steadier  men  on  them.  I  can 
see  no  other  reason  for  that.  To  save  twenty-one  to  twenty-two 
per  cent  in  regular  service,  coal  chute  figures,  must  mean  a  saving 
of  thirty  per  cent,  at  least,  while  the  engine  is  running,  when  you 
consider  the  amount  of  coal  shoveled  into  an  engine  before  she 
starts,  and  other  features. 

Outside  of  the  German  figures  which  have  been  given  by 
Messrs.  Harvey  &  Schmidt,  and  which  I  have  always  regarded 
as  exaggerated,  we  have  practically  no  experimental  data  to  con- 
firm any  such  saving.  At  the  same  time,  I  conscientiously  believe 
we  are  getting  it,  because  we  have  too  many  engines, —  we  do 
not  keep  special  men  on  the  superheaters  any  more;  the  first 
engine  or  two  we  got,  when  we  showed  thirty-five  per  cent  saving, 
we  did.  That  is,  the  saving  was  largely  gained  by  the  men,  but 
we  have  to-day  about  seventy  superheater  passenger  engines, 
running  in  and  out,  getting  all  sorts  of  crews  and  men  and 
nobody  paying  special  attention  to  them  any  more,  with  four  or 
five  hundred  engines  in  service,  and  there  is  no  talk  about  the 
superheater  being  petted ;  our  experience  is  very  satisfactory  in 
some  ways.  The  General  Manager  of  our  lines  West  the  other 
day,  when  I  was  discussing  the  advantage  of  getting  some  more 
simple  engines  with  which  to  make  better  comparison  figures,  told 
me  that  we  could  send  him  compounds  or  superheaters,  but  he 
would  not  have  simples  any  more.  He  did  not  regard  the  idea  of 
building  an  engine  in  order  to  get  comparative  figures  for  our 
information  as  a  very  satisfactory  idea ;     he  was  perfectly  satis- 
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fied  we  were  getting  a  good  saving  of  coal  and  he  wanted  to  keep 
on  getting  it,  did  not  want  us  to  go  to  work  to  spend  money  for 
experimental  purposes.  Our  general  superintendents  are  all  held 
very  strictly  responsible  for  their  coal  consumption  and  they  are 
very  generally  in  favor  of  superheater  engines.  About  eight  or 
nine  months  ago  I  was  beginning  to  get  a  little  attack  of  cold  feet 
on  the  superheater  question.  We  were  getting  into  it  pretty 
heavily  and  were  having  a  good  many  failures,  and  it  looked  to 
me  rather  a  question.  I  rather  wished  we  had  some  more  simples 
to  make  sure  we  were  right,  but  the  last  six  months  I  have  really 
felt  that  we  were  on  the  right  track.  We  have  got  away  froiti 
our  failures  pretty  well.  I  do  not  think  we  have  had  a  super- 
heater failure,  out  of  two  hundred  engines,  since  the  end  of 
March.  I  do  not  mean  to  say  engine  failures,  but  failures  due 
to  the  superheater.  That  has  been  arrived  at  by  systematic 
attention  in  the  roundhouse  and  by  periodical  tests  of  the*super- 
heater  and  seeing  that  they  are  right,  things  that  do  not  cost 
much  money,  but  that  mean  proper  attention  on  the  part  of  the 
enginemen,  foremen  and  others,  to  see  that  these  things  are 
systematically  done. 

I  have  not  quoted  any  costs  in  this  report.  We  have  a  lot  of 
costs,  but  the  only  figures  we  could  show  would  show  that  a 
superheater  costs  less  to  repair  than  a  simple,  and  there  is  no 
sense  in  putting  up  any  such  figures.  There  is  a  certain  amount 
of  expense  connected  with  the  maintenance  of  a  superheater,  but 
it  is  very  small.  The  fact  that  our  superheaters  are  of  rather 
more  modern  design  than  the  engines  built  five  or  six  years  ago, 
before  adopting  superheating,  has  more  than  balanced  the  repair 
figure.  The  superheaters,  with  us,  are  about  as  cheap  an  engine 
as  we  have,  when  their  weight  is  taken  into  account. 

Mr.  Squire  :  I  would  like  Mr.  Vaughan  to  explain  in  refer- 
ence to  the  percentage  columns  in  tables  one,  two  and  three.  The 
total  average  consumption  shown  in  tables  one  and  two  he  says 
is  one  hundred  and  twelve  per  cent.  I  understood  him  to  say 
there  was  a  relative  saving  in  favor  of  superheated  steam,  and 
yet  in  table  three  it  shows  less  than  one  hundred  per  cent.  If  I 
read  it  correctly  you  would  have  to  subtract  the  amount  shown 
in  this  column  from  loo,  and  then  add  loo  to  the  difference  to 
get  the  same  relative  figure  shown  in  the  first  two  tables. 
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Mr.  Vaughan  :  It  was  my  fault  for  not  reading  everything. 
The  report  shows  the  comparison  of  simple  consolidated  engines, 
Class  M-4b  with  similar  "  Vaughan-Horsey "  superheaters  as 
shown  in  table  one.  There  the  simple  is  compared  with  the  super- 
heater because  we  have  so  many  more  superheaters  than  we  have 
simple.  It  is  always  wise  to  compare  with  the  engine  you  have 
a  lot  of  because  their  figure  is  an  average  one.  In  table  two  the 
lo-wheel  compound  and  the  Cole  superheater  is  compared  with 
the  "  Vaughan-Horsey  "  superheater  because  there  again  we  have 
more  of  the  compound.  In  table  three  they  are  compared  with 
the  simples  because  we  have  more  of  the  simples. 

Mr.  Squire:  Then  the  superheater  becomes  the  basis  of 
comparison  ? 

Mr.  Vaughan:  No,  in  the  first  two  it  is,  but  in  the  third 
the  simple  is  the  basis  in  order  to  take  the  engine  we  have  the 
most  of  as  the  basis  of  comparison. 

Mr.  Muhlfeld:  The  committee  has  given  us  some  very 
valuable  information,  and  Mr.  Vaughan's  experience  under  cli- 
matic conditions  which  are  unfavorable  for  superheat  is  espe- 
cially interesting,  but  there  are  a  couple  of  poirits  which  I  think 
very  important  that  have  been  omitted.  One  of  those  is  the 
degrees  of  superheat  we  can  make  use  of  with  economy,  and  the 
other  whether  we  can  aflford  to  use  the  live  products  of  com- 
bustion, or  the  waste  gases  or  a  combination  of  the  two  to  pro- 
duce superheat.  I  think  there  is  no  doubt  that  a  considerable 
degree  of  efficiency  can  be  obtained  from  highly  superheated 
steam,  providing  the  heat  can  be  properly  utilized.  However,  I 
believe  in  a  simple  cylinder  locomotive  that  the  greatest  efficiency 
will  be  secured  when  the  superheat  is  just  sufficient  to  prevent 
losses  due  to  internal  condensation  and  friction  of  steam  on 
account  of  expansion  in  the  cylinders  and  when  all  thermal  heat 
is  converted  into  work  and  no  heat  except  that  normally  due  to 
pressure  is  rejected  at  the  exhaust.  If  we  use  the  live  products 
of  combustion  to  produce  superheat,  and  are  then  unable  to.  utilize 
all  of  that  heat  it  seems  to  me  we  are  coming  to  the  point  where 
the  greatest  efficiency  will  not  result,  and  for  that  reason  I  bring 
up  the  point  as  to  whether  we  should  confine  the  superheat  to 
what  can  be  obtained  from  the  waste  gases  or  go  further  and 
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utilize  the  live  products  of  combustion  to  obtain  superheat  in 
preference  to  utilizing  such  live  products  of  combustion  to  obtain 
saturated  steam.  I  do  not  believe  that  highly  superheated  steam 
can  produce  the  greatest  efficiency  in  the  short  cylinders  of  a 
simple  cylinder  locomotive  where  it  is  only  subjected  to  from 
one  to  four  expansions,  for  the  reason  that  it  requires  ten  to 
twelve  expansions  to  convert  all  its  heat  into  work,  and  would, 
therefore,  exhaust  a  considerable  amount  of  energy  to  the  atmos- 
phere. I  am  also  of  the  opinion  that  the  tendency  of  superheated 
steam,  to  absorb  all  moisture  in  lubricants,  will  result  in  the  neces- 
sity for  more  attention  to  valves  and  pistons,  and  that  there  will 
be  greater  losses  due  to  convection,  radiation  and  steam  leakage. 
However,  with  compound  locomotives  —  I  have  in  mind  particu- 
larly the  Mallet  type  —  where  a  greater  ratio  of  expansion  can 
be  obtained,  I  believe  that  superheat  in  combination  with  high 
pressure  may  be  used  to  good  advantage  providing  the  superheat 
is  just  sufficient  to  prevent  losses  due  to  internal  condensation 
and  friction  of  steam  and  when  all  thermal  heat  is  converted  into 
work,  and  none  except  that  normally  due  to  pressure  is  rejected 
at  exhaust.         , 

I  haven't  seen  anything  positive  except  in  relation  to  foreign 
locomotive  practice,  where  they  advocate  extremely  high  super- 
heat. It  seems  to  me  this  is  a  very  important,  and  a  very  live 
subject,  as  superheat  will,  no  doubt,  increase  efficiency  and  give 
fuel  economy,  but  I  would  suggest  and  will  make  a  motion  to  the 
effect  that  the  committee  be  continued  and  that  it  be  requested  in 
its  next  report  to  give  us  some  information  pertaining  to  the  use 
of  the  live  products  and  the  waste  products  of  combustion  to 
produce  superheat,  and  the  degrees  of  superheat  that  should  be 
resorted  to  to  obtain  the  greatest  efficiency  in  simple  and  com- 
pound cylinder  locomotives.  The  committee  has  given  us  some 
good  information  and  is  in  a  position  to  carry  on  and  complete 
its  investigations  in  a  very  thorough  manner. 

Mr.  Forsyth  :  Mr.  Muhlfeld  has  brought  up  the  question  of 
economy  of  highly  heated  steam,  and  as  I  understand  it,  that  has 
been  thoroughly  threshed  out  in  Germany.  There  they  favor 
highly  superheated  steam  and  obtain  a  good  economy  from  it; 
and  further,  the  whole  theoretical  consideration  of  this  subject 
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in  regard  to  temperature  of  superheated  steam  was  fully  treated 
in  reports  to  this  Association  by  Mr.  Vaughan  in  previous  years. 
I  think  he  will  sustain  me  in  that  statement,  and  that  the  further 
consideration  of  that  point  is  not  necessary. 

Mr.  Muhlfeld:  If  we  were  constructing  locomotives,  in 
view  of  the  necessity  for  reducing  transportation  expenses,  and 
the  fuel  item  being  a  very  large  one,  we  would  like  to  have  some 
data  that  would  be  the  result  of  actual  performance  in  this  coun- 
try, and  not  under  the  conditions  that  obtain  in  foreign  countries, 
on  which  to  base  our  recommendations  for  the  use  of  superheat, 
and  which  will  give  us  something  with  which  we  can  substantiate 
our  claims.  It  is  very  important  to  get  some  data  in  line  with 
the  suggestion  made,  that  is,  as  to  how  far  we  should  go  in  the 
use  of  the  live  products  of  combustion,  whether  we  should  confine 
ourselves  to  the  waste  products,  or  make  a  combination  of  the 
two  in  order  to  obtain  a  degree  of  superheat  which,  from  the 
standpoint  of  maintenance  and  operation,  will  give  us  the  proper 
degree  of  efficiency.  There  is  no  question  about  superheat  giving 
a  certain  amount  of  efficiency ;  but  how  far  should  we  go  with 
it?  I  do  not  think  that  we  can  use  the  data  that  have  been  given 
us  from  foreign  practice.  In  simple  engines  you  get  from  three 
to  four  expansions,  and  in  compound  engines  from  ten  to  twelve. 
How  high  should  we  superheat  steam  so  that  when  we  exhaust 
that  steam  we  do  not  exhaust  heat  that  could  better  be  used  in 
producing  saturated  steam  rather  than  superheated  steam.  I  think 
this  is  a  very  important  point,  and  I  have  noticed  in  reading  the 
reports  pertaining  to  superheater  engines  of  different  types,  that 
some  use  the  live  products  of  combustion  and  some  the  waste 
products,  or  a  combination  of  the  two,  and  there  is  a  wide  range. 
Some  experts  advocate  50,  some  100  and  others  150  degrees  of 
superheat.  I  think  it  is  a  very  important  question  as  to  how  far 
<ve  should  go,  and  it  deserves  thorough  study. 

Mr.  a.  W.  Gibbs  (Penna.  R.  R.)  :  I  would  like  to  ask  the 
members  of  the  committee  whether  they  have  observed  any 
change  in  iron  castings,  such  as  valve  chests  and  bushings,  where 
subjected  to  this  superheat.  I  ask  this  because  my  attention  has 
heen  called  to  some  of  the  cast-iron  fittings  in  our  power  stations 
where  superheated  steam  is  used.    These  fittings  have  increased 
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very  materially  in  dimensions,  in  some  cases.  In  one  case,  some 
long  cast-iron  crosses  have  increased  over  two  per  cent  in  length. 
I  have  been  wondering  whether  anything  of  the  sort  has  been 
noticed  in  the  cylinders  and  other  connections  on  locomotives 
using  superheated  steam.  My  understanding  is  that  what  has 
been  done,  is  to  take  the  regular  engine  and  put  hot  steam  into  it, 
making  no  other  change.  Another  point  on  which  I  would  like 
to  have  information,  is  whether  the  effect  of  superheating 
materially  improves  the  performance  of  compound  locomotives, 
either  when  used  to  pre-heat  the  steam  or  to  reheat  it  between  the 
cylinders.  I  think  that  anyone  who  has  ever  ha#dled  one  of  the 
White  steamers  will  have  noticed  that  you  may  have  very  high 
steam  pressure  and  very  sluggish  action  because  the  steam  is 
moist,  while  again  with  comparatively  low  pressure,  but  a  very 
high  degree  of  superheat,  there  is  a  most  surprisingly  good  per- 
formance. I  wish  to  get  a  little  line  on  this  subject,  with  the  idea 
of  ascertaining  the  benefit  of  superheated  steam  for  passenger 
locomotives  in  improving  the  speed  characteristics.  As  for  the 
question  of  warping,  if  it  does  exist  I  would  like  to  see  whether 
any  attempt  has  been  made  to  connect  it  with  the  question  of  the 
composition  of  the  iron. 

Mr.  Vaughan  :  I  would  like  to  answer  these  gentlemen  now, 
—  first,  Mr.  Muhlfeld.  In  my  paper  in  1905,  I  went  into  the 
question  you  raised  very  thoroughly,  and  I  submitted  a  proof 
then  that  while  you  did  reject  unused  heat,  at  the  same  time  it  is 
still  more  economical  to  reject  that  heat  than  it  is  to  be  without 
it.  In  the  same  way,  assuming  a  certain  number  of  expansions, 
with  a  boiler  pressure  of  100  pounds  you  are  not  rejecting  any 
heat  that  you  can  avoid.  Still  it  is  more  economical  to  raise  that 
boiler  pressure  to  200  pounds  and  reject  your  steam  at  140  than 
it  is  to  use  100  pounds  and  reject  it  at  a  lower  pressure  with  the 
same  number  of  expansions. 

Some  years  ago  in  connection  with  another  gentleman,  I 
prepared  a  report,  based  on  the  theta  phi  diagram,  which  clearly 
demonstrated  that  even  though  heat  is  wasted  it  is  in  the  nature 
of  unavoidable  waste,  and  it  is  still  more  economical  to  start  with 
higher  superheat  than  with  lower.  I  was,  therefore,  convinced 
that  we  need  not  be  afraid  of  rejecting  superheat  in  the  exhaust. 
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I  divided  our  gain  from  superheat  into  two  items.  The  first  was 
the  action  due  to  avoidance  of  cylinder  condensation.  The  second 
that  due  to  increase  in  volume.  When  not  working  expansively 
the  latter  still  remains.  If  you  will  look  into  that  paper  you  will 
find  that  question  was  taken  up  carefully.  As  far  as  degrees  of 
superheat  go,  in  practice  we  have  had  a  lot  of  engines  that  gave 
us  from  20  to  30  degrees  of  superheat  and  we  pulled  the  heaters 
out  of  them  because  there  was  not  enough  benefit  to  worry  about. 
We  could  see  so  little  difference  between  thenl  and  simple  engines. 
At  first  there  was  a  benefit,  but  after  the  tubes  became  coated 
from  the  soot  I  did  not  consider  that  there  was  enough  benefit 
to  wafrant  our  continuing  the  use  of  low  superheat.  We  have  in 
freight  service  now  from  100  to  150  degrees  of  superheat  and  we 
have  engines, —  our  regular  engine  I  think  is  a  66  front  end,  | 

both  with  twenty-two  tubes,  and  with  twenty- four  tubes,  giving  *    r 

us  eighty-eight  or  ninety-six  superheated  pipes.    Now  my  opinion  [ 

is  that  the  twenty-two  tubes  are  slightly  superior  to  the  twenty-  I 

four.    I  believe  that  if  all  these  tubes  were  kept  properly  cleaned  H  l 

out  we  would  get  better  service  from  the  twenty-four,  but  there  f 

is  a  little  too  much  evaporating  surface  to  be  cut  out,  and  I 
rather  prefer  the  twenty-two-tube  engine.    We  have  one  hundred  ;^ 

engines  of  each  sort,  and  have  watched  them  a  little,  and  I 
could  not  tell  you  which  of  those  two  engines  is  the  more  eco- 
nomical, but  I  rather  favor  myself  not  going  any  farther  with  ^^ 
superheat  than  is  necessary  to  obtain  the  best  results.  I  think 
that  would  be  good  practice.  Personally  I  do  not  wish  to  take  I 
any  position  against  the  Baldwin  superheater,  but  I  think  if  you 
are  going  into  superheating  you  might  as  well  obtain  a  reasonable 
amount  of  superheat,  and  I  believe  the  Germans  have  been  on  the 
right  track  in  going  to  high  superheat. 

I  have  not  struck  any  trouble  with  warping,  Mr.  Gibbs,  that 
I  am  aware  of.  As  a  matter  of  fact,  we  have  never  measured 
our  castings  for  it ;  but  you  are  perfectly  correct.  We  have  not 
worried  about  special  construction  at  all.     Our  engine  was  an  i 

ordinary  plain  American  simple  engine,  and  we  did  not  need  to 
change  it  at  all.  Yod  do  need  a  very  close,  hard  iron  for  packing 
rings:  if  you  go  to  an  iron  with  high  phosphorus  in  it  it  will 
wear  very  rapidly.     The  packing  rings  have  run  as  much  as 
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sixty  or  seventy  thousand  miles,  but  in  passenger  service,  where 
the  superheat  seems  to  be  high,  and  the  work  is  more  continuous, 
we  find  that  about  six  weeks  is  about  the  average  length  of  a 
piston  packing  ring.  It  is  not  due,  I  believe,  to  defect  in  lubrica- 
tion. Mr.  Hall  says  lubrication  wants  to  be  studied  out,  but  we 
have  got  a  good  coat  of  oil  on  the  cylinder  and  I  believe  we  will 
get  better  results  by  paying  attention  to  our  iron,  and  perhaps 
paying  attention  to  a  particular  kind  of  oil  for  superheaters,  as 
we  have  been  running  with  the  regular  valve  oil.  I  notice  that 
the  Germans  find  that  any  oil  that  makes  a  sticky  surface  will 
wear  very  quickly.  The  Germans,  by  getting  an  oil  that  leaves  a 
cleaner  surface,  seem  to  have  obtained  better  results.  Passenger 
service  is  the  thing  that  I  think,  without  doubt,  superheat  is 
applicable  to.  That  is  my  feeling  in  the  matter.  I  said  last  year 
that  in  a  case  of  freight  service  you  may,  and  passenger  service 
you  must.  We  took  an  engine  and  applied  a  superheater  to  it, 
and  put  it  in  with  other  engines  of  the  same  class.  We  had  an 
epidemic  of  poor  coal  last  fall,  and  the  superheater  engine  was 
the  only  one  out  of  six  that  did  not  lose  time.  That  engine  was 
able  to  burn  the  coal  where  the  simple  engines  could  not  stand  it. 
We  also  found  that  the  size  of  the  nozzle  is  of  very  much  less 
importance.  One  of  our  master  mechanics  reported  to  me  the 
other  day  that  he  could  not  find  any  diflference  in  the  running  of 
the  engine  when  the  exhaust  nozzle  was  reduced  away  down.  If 
you  will  consider  that  we  are  running  with  the  same  sized  nozzle 
on  the  superheated  as  we  are  on  the  simple,  and  using  twent}- 
per  cent  less  steam,  you  will  see  why  the  engines  are  very  free- 
running  engines.  Our  men  consider  them  better  on  an  eight  or 
nine  car  train.  They  all  say  the  superheater  is  far  better  than  the 
simple.  I  believe,  myself,  that  our  figures  are  about  right  on 
the  twenty  per  cent  saving  and  that  is  a  most  important  thing  in 
passenger  firing.  We  have  case  after  case  where  firing  has  been 
pretty  heavy  on  passenger  trains,  and  after  the  use  of  the  super- 
heater the  men  say  the  firing  is  a  cinch.  You  ask  for  coal  records. 
We  have  given  a  good  many  that  are  very  low  figures,  I  consider. 
I  am  always  rather  averse  to  quoting  coal  figures  because  I  know 
some  member  will  quote  a  coal  record  that  is  thirty  per  cent  less, 
but  I  do  believe  there  is  a  good  deal  of  saving. 

The  President:    Anything  further  on  this  subject? 
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Mr.  Forsyth  :  Mr.  Vaughan  has  explained  to  us  the  advan- 
tage of  high  temperature  superheat  so  far  as  the  coal  economy  is 
concerned.  I  think  the  report  gives  tests  showing  the  advantages 
of  the  superheater  in  bad-water  districts. 

Mr.  Vauclain  :  I  am  very  glad  to  hear  Mr.  Vaughan  remark 
that  he  did  not  take  very  much  stock  in  low  superheat  as  acquired 
by  the  Baldwin  superheater.  I  have  no  doubt  that  he  would  be 
very  glad  to  know  that  I  do  not  take  very  much  stock  in  the  high 
superheat.  The  honors  are  equal  and  no  harm  done.  For  twelve 
or  thirteen  years  I  have  been  interested  in  superheaters.  I  have 
a  friend  on  the  other  side  of  the  water,  Herr  Gerbe,  who  is  an 
ardent  advocate  of  highly  superheated  steam,  and  he  has  under- 
taken upon  two  or  three  occasions  to  sell  outright  to  the  Baldwin 
Locomotive  Works  all  the  patents  that  Mr.  Schmidt  has  or  will 
have  on  the  smoke  tube  or  highly  superheated  steam  appliances. 
I  have  always  felt  that  highly  -superheated  steam  was  not  what 
we  wanted  in  this  country,  but  that  we  wanted  a  superheated 
steam  superheated  sufficiently  to  overcome  all  the  loss  of  the 
single  expansion  locomotive,  and  at  the  same  time  enable  us  to 
go  back  to  a  normal  boiler  pressure  of  i6o  pounds.  If  we  could 
do  this,  we  would  overcome  the  necessity  of  the  compound  loco- 
motive, and  the  necessity  of  any  special  appliance  or  special  metal 
in  the  construction  of  our  locomotives  for  the  highly  superheated 
steam,  and  we  would  be  able,  if  possible,  to  produce  a  locomotive 
that  would  require  even  less  attention  than  is  now  accorded  the 
single-expansion  locomotive.  And  it  was  to  this  end  that  we  did 
some  thinking.  I  felt  that  if  we  could  obtain  anywhere  from 
four  hundred  to  seven  hundred  feet  of  heating  surface  in .  a 
smoke-box  superheater  that  could  be  applied  to  any  locomotive 
existing  without  any  boiler  alterations  in  lieu  of  the  ordinary 
cast-iron  steam  pipe,  we  could  obtain  enough  superheat  by  this 
process  to  enable  us  to  accomplish  all  we  wanted  to  with  super- 
heated steam,  and  at  the  same  time  give  the  average  American 
railway  a  machine  that  could  come  in  and  go  out  every  day  in 
the  week  without  any  attention,  and  to  make  the  maximum  num- 
ber of  train  miles  per  month  with  any  locomotive  they  might 
have  in  service.  *  After  considerable  persuasion,  Mr.  Kendrick,  of 
the  Santa  Fe  Road,  allowed  me  to  try  the  experiment  on  him. 

M-15 
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We  were  building  a  large  number  of  tandem  compound  loco- 
motives and  I  persuaded  him  to  allow  me  to  build  a  smoke-box 
superheater,  allowing  me  to  send  along  with  the  engine  all  the 
parts  necessary  to  complete  it  as  a  tandem  compound  locomotive. 
We  took  off  the  high  pressure  cylinders  and  put  them  in  the 
tender,  a  very  good  place  for  them.    We  took  out  the  cast-iron 
steam  pipes  and  put  in  a  smoke-box  superheater  to  replace  them. 
We  coupled  up  the  steam  pipes  to  the  valve  chest  of  the  low 
pressure  cylinder  with  a  cast-iron  pipe  running  around  in  front, 
and  took  out  the  high  pressure  valve  so  as  to  use  the  engine  as 
a  low-pressure  single-expansion  locomotive.     The  cylinder  was 
32   by   32   and   the   working  pressure   was   220   pounds.     We 
reduced  it,  using  the  ordinary  method  of  calculation,  to   130 
pounds.     We  thought  we  would  make  an  experiment  in  the 
matter.    Now  this  locomotive  went  into  service  and  did  so  well 
that  nobody  took  the  trouble  to  inquire  what  might  be  in  the 
smoke  box,  but  they  found  that  the  pressure  could  gradually  be 
increased  and  it  was  increased  until  finally  the  locomotive  carried 
160  pounds.    The  reason  for  that  is  this,  that  where  the  usual 
ratio  by  reducing  to   130  pounds  was  about  4  3-10,   it  was 
found  that  this  locomotive  could  be  safely  worked  down  to  a 
ratio  below  four;  and  I  have  in  my  office  at  home  a  record  of 
this  engine  which  has  only  237,000  pounds  on  drivers,  giving 
a  drawbar  pull  continuously  of  68,000  pounds  working  on  sand. 
The  same  thing  that  was  found  on  this  locomotive  was  found  in 
Germany,  that  in  order  to  get  the  very  best  results  from  super- 
heated steam,  very  large-sized  cylinders  must  be  used  in  propor- 
tion to  the  weight  on  drivers,   so  \hat  a  greater  number  of 
expansions  can  be  obtained  from  the  steam  than  that  ordinarily 
considered  in  the  construction  of  our  single-expansion  engines, 
and  personally   I  care  to   do  nothing  further   in  the  way   of 
superheat.    I  prefer  to  let  this  one  engine  solve  the  problem  as 
to  whether  there  really  was  any  advantage  in  low  superheated 
steam;    and  Mr.  Vaughan  may  be,  perhaps,  pleased  to  know 
that  there  evidently  has  been,  because  we  have  been  called  upon 
to  build  a  very  large  number  of  these  same  smoke-box  super- 
heaters, not  only  for  the  Santa  Fe  road,  on  which  we  tried  the 
experiment,  but  by  other  roads  who  received  their  information 
not  from  us,  but  by  a  visit  to  those  roads  where  these  locomotives 
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are  running,  and  seeing  the  work  they  are  able  to  accomplish 
with  them. 

I  had  in  view  another  idea  when  this  locomotive  was  built  and 
that  was  to  determine  whether  such  an  engine  would  be  as  eco- 
nomical in  road  service  as  the  best  compound  engine  that  we  were 
turning  out,  and  we  have  had  it  proven  to  us  —  we  have  not 
proven  it  to  anybody  else,  but  we  have  it  proven  to  us  most 
clearly  that  we.  can  obtain  the  same  economy  from  a  low  super- 
heated locomotive  carrying  a  low  boiler  pressure  of  i6o  pounds  as 
we  can  with  compound  locomotives  carrying  220  pounds.     In 
addition  to  this  relative  economy  we  obtained  another  thing :  we 
obtain  anywhere  from  thirty  to  fifty  per  cent  additional  engine 
miles  from  that  engine  in  a  given  time.    In  other  words,  there 
is  nothing  to  get  out  of  order.    There  is  less  to  get  out  of  order 
about  a  locomotive  of  this  kind  than  there  is  about  any  single- 
expansion  locomotive  carrying  high-pressure  steam,  or  any  com- 
pound locomotive  carrying   low-pressure  steam.     I   think  that 
every  one  of  you  will  agree  with  me  that  a  compound  locomotive 
will  require  more  attention  at  terminals  than  a  single-expansion 
locomotive,  and  that  a  single-expansion  locomotive  carrying  high 
boiler  pressure  will  also  require  more  attention  at  the  terminal 
than  a  single-expansion  engine  carrying  low  boiler  pressure.    So 
therefore  we  get  in  a  low  boiler  pressure  low  superheated  loco- 
motive the  opportunity  to  keep  that  locomotive  in  continuous 
service  much  better  than  we  do  with  any  other  type  of  locomotive 
that  we  build.     We  believe  in  it,  and  we  believe  in  it  firmly, 
because  it  has  been  proven  to  us,  not  through  any  machinery  of 
our  own, 'but  through  the  machinery  of  those  who  have,  rather 
against  their  will,  tried  these  things  and  tried  them  x)ut.     We 
must,  of  course,  look  upon  all  these  things  from  a  commercial 
point  of  view  as  well  as  from  a  scientific  point  of  view.    It  makes 
very   little  difference  what  you  might  be  able  to  produce  and 
bring  out  if  the  interest  in  this  matter  is  such  that  no  one  cares 
to  purchase  it.    We  feel  that  a  low  superheat  device  of  this  kind 
is  a  commercial  success  already,  and  will  be  a  very  much  greater 
success  in  the  future  for  this  reason ;  that  we  have  in  this  coun- 
try probably  sixty-five  per  cent  of  all  our  locomotives  carrying 
about  two  hundred  pounds  steam  pressure.    We  have  a  very  large 


Digitized  by  VjOOQIC 


228 

number  that  are  carrying  220  pounds.  Some  of  those  have  been 
in  service  ten  years.  They  all  had  a  good  factor  of  efficiency 
when  they  were  hew,  but  they  have  deteriorated  somewhat.  We 
think  we  have  a  device  that  will  enable  any  owner  of  locomotives 
to  change  his  locomotive  and  bring  that  same  old  locomotive 
that  is  ten  years  old  up  to  the  very  highest  state  of  perfection 
and  have  the  factor  of  safety  in  it  greater  than  it  was  when  it' 
was  originally  built. 

The  President:    Is  Mr.  Foster  of  the  Lake  Shore  Road  in 
the  room?    We  would  like  to  hear  from  him. 

Mr.  O.  M.  Foster  (L.  S.  &  M.  S.  Ry.)  :    Mr.  President,  I 
have  not  very  much  to  say.    Our  experience  on  the  Lake  Shore 
with  the  superheater  has  been  rather  limited,  but  at  the  same 
time,  quite  convincing  as  to  the  advantage  of  superheating.    Our 
use  of  it  has  been  restricted  to  two  passenger  engines  of  a  class 
of  forty-six  engines,  but  they  have  given  us  a  pretty  good  oppor- 
tunity to  estimate  as  to  the  comparative  merits  of  these  engines, 
simple  and  the  superheater.    The  application  of  the  superheater 
to  these  two  engines  immediately  puj  them  in  a  class  by  them- 
selves so  far  as  performance  was  concerned.     It  became  our 
practice  to  use  these  two  engines  for  the  hardest  passenger  service 
that  this  class  of  engine  was  assigned  to.    They  happened  to  be 
at  that  time  our  engines  of  greatest  capacity.    Of  course  it  needs 
n6  argument  to  prove  that  if  we  put  them  on  the  hardest  service 
we  did  it  because  they  were  the  better  engines.    They  handled  a 
train  better,  they  made  better  time,  and  they  handled  a  bigger 
train  more  successfully.    We  never  made  any  careful  test  as  to 
comparative   economy.     In   a   rough  way,  however,   we   think, 
and  our  engineers  all  agree  with  us,  that  they  show  an  economy 
of  fifteen  or  twenty  per  cent  in  fuel  and  water,  and  this  with  an 
increased  efficiency  in  the  handling  of  traffic.     Our  engineers 
believe  so  thoroughly  in  the  superheat  that  it  is  quite  common 
to  hear  them  say  that  they  would  like  to  see  a  superheater  put 
on  our  later  class  of  passenger  engines.    We  now  have  a  larger 
class   of   passenger   engine,   and    it   is   quite   common    for    the 
engineers  to  say  that  they  would  like  to  see  the  superheater  on 
that  engine,  that  they  believe  it  would  make  a  better  locomotive 
of  it.    I  have  no  doubt  that  this  is  the  case,  and  we  are  so  thor- 
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oughly  convinced  of  this  fact  that  it  has  been  decided  to  apply 
superheaters  to  some  of  them. 

I  made  a  visit  to  Montreal  last  winter  for  the  purpose  of 
seeing  what  they  were  doing  with  the  superheater  on  the  Canadian 
Pacific,  at  which  time  I  talked  with  the  men  immediately  in  touch 
with  the  proposition.  I  did  not  go  to  the  head  of  the  department 
to  find  out  what  they  were  doing,  but  I  went  to  the  roundhouses 
and  to  the  engineers.  I  did  not  hear  any  complaints  from  the 
roundhouse  foremen  in  regard  to  the  question  of  maintenance 
at  all.  There  seemed  to  be  a  disposition  to  regard  the  question 
of  maintenance  lightly,  to  say,  "  Well,  there  isn't  much  to  that, 
we  get  along  with  that  all  right,  we  don't  have  any  trouble  with 
that."  But  the  engineers, —  I  did  not  talk  with  a  great  many  of 
them,  but  I  talked  with  some  of  the  passenger  engineers,  and 
they  were  unanimous  in  their  opinion  that  the  superheat  made  a 
distinct  improvement  in  the  efficiency  of  the  engine.  In  fact,  one 
engineer  told  me  of  a  certain  engine  which  he  ran  that  was 
unable  to  make  the  time  on  the  train  to  which  she  was  assigned ; 
and  he  said  that  after  they  put  the  superheater  on  her  she  walked 
right  up  to  the  front  and  was  distinctly  improved  so  that  she 
made  the  time  without  any  trouble  and  did  it  with  less  coal  I 
did  not  inquire  very  much  over  there  as  to  the  economy.  Mr. 
Vaughan  has  fully  explained  that.  I  presume  the  question  that 
sticks  in  the  minds  of  most  everybody  is  as  to  the  matter  of 
maintenance.  I  presume  lots  of  people  are  convinced  that  the 
superheater  will  be  a  more  efficient  engine  in  service,  a  more 
economical  engine,  but  they  are  afraid  of  the  roundhouse  disaster 
that  would  follow  the  general  application  of  superheaters  to 
their  engines.  Now,  as  I  said,  our  experience  has  been  limited. 
You  can  not  tell  from  one  engine  what  you  might  run  into  with 
forty  of  them ;  but  our  experience  has  been  that  the  increase 
in  cost  of  maintenance  is  inconsiderable,  and  I  believe  thoroughly 
that  we  could  put  superheaters  onto  the  same  class  of  engines 
and  experience  no  particular  trouble.  We  need  not  fear  what 
may  result  in  the  way  of  additional  cost  for  maintenance  or  of 
loss  of  service.  I  believe  these  two  engines  we  have  will  go 
right  along  and  make  their  mileage  month  in  and  month  out 
with  other  engines  of  that  type.  There  is  nothing  about  these 
superheaters  that  necessarily  need  make  the  trouble  anyway,  and 
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the  only  trouble  that  could  be  experienced  would  result  from 
inferior  workmanship.  With  good  work  guaranteed  in  putting 
the  superheater  up  I  do  not  believe  that  it  would  cause  you  enough 
trouble  to  talk  about.  You  would  have  a  better  and  a  more 
economical  engine. 

Mr.  E.  a.  Miller  :  Mr.  President,  I  understand  Mr.  Sander- 
son has  gone  to  considerable  trouble  and  pains  to  investigate 
the  superheater,  and  I  would  be  pleased  to  hear  from  him. 

Mr.  Sanderson:  Mr.  President,  the  investigations  which  I 
have  made  recently  have  been  very  instructive  to  me,  but  they 
were  made  on  a  road  with  which  I  am  not  in  any  wise  connected, 
and  I  do  not  believe  I  am  authorized  to  speak  for  them,  beyond 
saying  that  I  am  a  complete  convert. 

Mr.  Squire:  Mr.  President,  I  believe  there  is  a  motion 
before  the  house  made  by  Mr.  Muhlfeld  and  seconded  by  myself. 

The  Secreary  :  The  motion  was  that  the  committee  be  con- 
tinued and  requested  to  give  us  more  information  pertaining  to 
the  use  of  the  live  products  or  waste  products  of  combustion. 

The  President:  Mr.  Muhlfeld,  do  you  wish  to  have  that 
motion  stand  as  you  gave  it  after  Mr.  Vaughan's  explanation? 

Mr.  Muhlfeld  :  Mr.  President,  I  think  from  the  discussion 
we  have  had  here  that  there  seems  to  be  some  question  as  to  the 
limit  of  heat  in  superheating.  The  committee  has  done  a  great 
deal  of  good  work  and  I  think  we  should  get  the  benefit  of  their 
further  investigations.  I  would  appreciate  very  much,  so  far  as 
I  am  concerned,  to  have  that  committee  continued. 

The  President:  Gentlemen,  you  have  heard  the  motion  of 
Mr.  Muhlfeld,  and  it  is  now  before  you. 

(The  motion  was  carried.) 

(On  motion  of  Mr.  Clark,  the  discussion  on  the  report  of  the 
Committee  on  Superheating  was  then  closed.) 

The  President:  The  next  subject  before  the  convention 
will  be  "  Mallet  Compounds,"  and  I  will  ask  Mr.  Muhlfeld  to 
come  forward  and  present  the  report  of  the  committee  on  that 
subject. 
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REPORT   OF  THE  COMMITTEE  ON    MALLET  ARTICULATED 
COMPOUND  STEAM  LOCOMOTIVES. 

To  the  Members: 

Your  committee  appointed  to  report  on  this  subject  respectfully  sub- 
mits the  following  conclusions,  which  are  based  on  a  comparison  of  the 
Mallet  articulated  compound  tjrpes  of  steam  locomotives  now  operating  on 
American  railways  in  road  and  helper  freight  service  with  other  designs 
of  steam  and  electric  locomotives  performing  similar  work  under  relative 
fuel,  water  and  climatic  conditions. 

FROM  A   MECHANICAL  STANDPOINT. 

First :  That  for  the  greatest  permissible  tonnage  and  speed  per  train, 
on  lines  of  considerable  gradient  and  curvature,  the  Mallet  articulated 
compound  types  of  steam  locomotives,  either  with  or  without  leading  and 
trailing  trucks,  and  ranging  in  tractive  power  of  from  55,000  to  125,000 
pounds,  are  relatively  lower  in  first  cost  and  from  performance  to  date 
more  efficient  and  economical  in  operation  and  maintenance  per  unit  of 
tractive  power  developed. 

Second:  That  the  Mallet  articulated  compound  types  of  steam  loco- 
motives enable  a  practical  improvement  in  the  boiler  efficiency  by  means 
of  greater  boiler  capacity,  increased  reserve  steam  and  water  storage, 
larger  grate  area  and  fire-box  and  tube  heating  surface,  prolonged  passage 
of  the  products  of  combustion  through  the  boiler,  quickened  circulation 
of  the  water  in  the  boiler,  heated  feed  water  and  reduced  rate  of  draft 
and  combustion. 

Third :  That  the  Mallet  articulated  compound  tsrpes  of  steam  locomo- 
tives give  the  practical  opportunity  to  improve  the  engine  efficiency  by 
means  of  relatively  greater  tractive  effort  per  pound  of  adhesive  weight 
and  from  superheated  higher  initial,  reheated  receiver  and  lower  terminal 
working  steam  pressure  due  to  the  greater  ratio  of  expansion  that  can  be 
obtained  in  the  cylinders  as  well  as  through  the  use  of  a  large  interme- 
diate receiver  capacity,  which  is  made  possible  by  the  four  independent 
cylinders  and  their  supply  steam  connections. 

Fourth:  That  the  Mallet  artiailated  compound  types  of  steam  loco- 
motives should  have  less  depreciation,  wear  and  failure  of  boiler  and 
machinery  through  increased  reserve  capacity,  reduced  pressure  of  exhaust 
steam,  more  flexible  wheel  base,  subdivision  of  power  and  stresses  over  a 
greater  number  of  frames,  cylinders,  pistons,  axles,  crank  pins,  rods  and 
auxiliary  parts;  better  balancing  of  the  reciprocating  and  revolving 
mechanism,  more  uniform  turning  moment  and  less  slipping  of  driving 
wheels. 

FROM  A   MAINTENANCE  OF  WAY   STANDPOINT. 

Fifth:  That  the  Mallet  articulated  types  of  steam  locomotives  having 
relatively  less  nonadhesive  weight  per  driving  wheel  and  a  more  uniform 
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turning  moment  with  a  reduction  in  unbalanced  pressure  at  the  driving 
wheel  and  rail  contacts,  resulting  in  maximum  adhesion,  minimum  slip- 
ping and  a  distribution  of  weight  over  a  short  rigid  combined  with  a  long 
flexible  wheel  base,  will  materially  reduce  the  bridge,  tie  and  rail  strains 
and  the  tie  and  rail  wear  per  unit  of  tractive  power  developed. 

FROM    A   TRANSPORTATION  STANDPOINT. 

Sixth :  That  the  Mallet  articulated  types  of  steam  locomotives  either 
for  road  or  helper  freight  service  can  materially  increase  the  capacity  of 
a  given  piece  of  track  by  fewer  train  movements  and  less  congestion  at 
terminals  without  increasing  the  acceleration  or  running  speed  above  that 
which  is  permissible  for  efficient  and  economical  heavy  tonnage  tr^n 
movement,  proper  working  super-elevation  of  curves,  minimum  rail  wear 
and  the  least  liability  for  derailment  or  accident. 

Seventh :  That  the  Mallet  articulated  compound  types  of  steam  loco- 
motives will  particularly  place  the  movement  of  the  traffic  under  the 
control  of  fewer  persons;  lessen  the  liability  for  complete  disablement 
and  reduce  the  cost  for  engine  and  train  crew  hire,  fuel,  water,  lubricants, 
stores,  wiping,  hostlering  and  dispatching. 

Eighth:  That  the  nonpaying  weight  in  motive  power  and  supphes 
and  the  retarded  movement  and  stalling  of  heavy  tonnage  trains  will  be 
minimized  by  the  Mallet  articulated  types  of  steam  locomotives,  especially 
through  exceptionally  long  tunnels  where  the  permissible  reversing  of  this 
type  of  locomotive  will  not  subject  the  crew  to  the  gases,  smoke  and  heat 
from  the  exhaust. 

FROM  AN  ENGINEERING  STANDPOINT. 

Ninth :  That*  the  use  of  the  Mallet  articulated  compound  types  of 
steam  locomotives  may  permit  of  maintaining  or  progressively  increasing 
the  average  gross  tonnage  per  successive  train  movement  between  terminal 
yards  to  that  which,  consistent  with  the  balancing  of  the  motive  power, 
distribution  of  cars  and  the  accumulation  of  the  traffic  on  the  divisions, 
might  give  the  desired  capacity  as  well  as  efficiency  and  economy  in  the 
operation  of  a  single  piece  of  trunk-line  track  and  its  terminals  without 
making  an  expenditure  on  roadway  to  increase  the  weight  limit  or  for  a 
reduction  of  grade,  curvature  or  distance  that  would  otherwise  be  neces- 
sary to  accomplish  the  same  result. 

FROM  A  GENERAL  STANDPOINT. 

Tenth :  That  for  service  where  it  is  essential  to  increase  the  tons 
moved  per  mile  per  hour  per  unit  of  cost  by  developing  greater  tractive 
power  in  one  locomotive  than  what  can  be  efficiently  and  economically 
produced  by  a  consolidation  or  similar  type  and  where  the  use  of  self- 
contained  motive  power,  proportion  of  adhesive  to  total  weight,  center  of 
gravity,  distribution  of  weight  over  driving  wheels,  driving  wheel  load, 
flexibility  of  driving  wheel  base,  and  particularly  the  first  cost,  fixed 
charge,    operating    expense    and    reliability   of    service    are    elements    of 
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importance,  the  use  of  the  Mallet  articulated  compound  types  of  steam 
locomotives  should  receive  careful  consideration.  ^ 


In  arriving  at  the  foregoing  conclusions  your  commif*ee  has  kept  in 
mind  the  importance  of  the  steam  railroad  mechanical  engineer  to  the 
past  and  for  the  future  commercial  development  of  the  transportation 
facilities  of  the  country  and  in  the  conservation  of  the  natural  resources 
of  timber,  coal,  lignite,  oil,  natural  gas  and  other  fuels  which  are  being 
rapidly  depleted. 

Where  suitable  fuel  is  lacking  or  high  in  cost  and  water-power  is  in 
abundance  it  is  proper  and  may  be  economical  to  utilize  that  energy  which 
only  the  climatic  conditions  of  the  country  will  change  and  conserve  the 
other.  Even  where  inferior  grades  of  fuel  are  in  abundance  and  can  be 
obtained  at  reasonable  cost  it  is  most  undesirable  that  the  past  and  present 
wasteful  and  inefficient  uses  should  be  continued  and  much  can  be  accom- 
plished in  this  direction  by  the  use  of  the  tyt)e  of  steam  locomotive  under 
discussion  which  can  produce  relatively  more  work  per  unit  of  fuel 
consumed. 

For  general  heavy  freight  service  the  movement  of  a  given  gross 
tonnage  in  fewer  trains  at  different  speeds  of  lower  resistance  is  prefer- 
able to  a  greater  number  of  trains  at  a  uniform  higher  speed  of  increased 
resistance.  Steam  locomotives  provide  for  this  in  a  reliable  and  flexible 
combination  of  power  and  spe'ed  that  will  meet  the  varying  conditions  of 
weight,  class  and  stops  of  trains  as  is  necessary  for  the  most  efficient  utili- 
zation of  the  track  and  terminal  facilities.  Although  electric  locomotive 
service  may  be  capable  of  producing  comparative  hauling  capacity  in  the 
handling  of  light  and  heavy  tonnage  on  a  single  track  by  means  of  its 
essential  and  inherent  elements  of  fixed  high  acceleration  and  speed,  as 
well  as  earning, power  through  the  medium  of  the  surplus  current  and 
certain  auxiliary  city,  terminal  and  tunnel  advantages,  still  the  limitations 
with  respect  to  the  combinations  of  tractive  effort  and  speed  and  the  large 
number  of  systems  in  an  experimental  stage  from  which  to  arrive  at  a 
choice,  makes  the  advisability  of  such  an  installation  problematical  when 
it  is  known  that  steam  locomotives  under  similar  conditions  can  enhance 
their  characteristic  self-contained  and  independent  earning  power  by 
means  of  heavy,  continuous  tractive  effort  that  can  be  developed  for  long 
periods  at  variable  or  constant  speeds  and  thereby  promote  the  quickest 
movement  of  trains  of  different  classification  and  tonnage  consistent  with 
dispatching  and  resistance  due  to  speeds  that  will  come  well  within  the 
established  limits  of  reliable,  efficient  and  economical  Transportation, 
Motive  Power  and  Maintenance  of  Way  performance,  and  allow  of  the 
minimum  first  cost,  interest,  depreciation,  taxes  and  insurance  for  road- 
way and  equipment. 

Therefore,  before  deciding  that  electric  locomotive  performance  will 
justify  the  high  cost  for  the  installation  of  a  rapid,  uniform,  continuous 
speed  system  for  the  handling  of  light  and  heavy  tonnage  over  one  track, 
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care  should  be  exercised  that  comparison  is  made  with  the  best  steam 
locomotive  practice  obtainable,  as  otherwise  the  determinations  may  be 
misleading  and  result  in  costly  experiences,  particularly  through  the  load 
factor. 

Effort  has  been  made  in  the  preparation  of  the  attached  tabulated 
and  descriptive  information  to  compile  such  data,  photogravures,  diag^rams 
and  profiles  as  will  make  the  study  of  the  present  Mallet  artiailated  type 
locomotive  operation  in  North  and  South  America  self-explanatory,  but 
the  following  additional  information  may  be  of  interest. 

These  locomotives  were  used  in  the  mountainous  districts  of  Europe 
for  a  number  of  years  before  1904,  at  which  time  the  design  was  modified 
to  suit  the  American  requirements.  They  are  adapted  for  general  road  as 
well  as  helper  freight  service  and  the  same*  ratio  of  efficiency  will  obtain 
for  the  lighter  as  with  the  heavier  designs. 

The  particular  features  are — the  greater  proportion  of  the  total  weight 
that  is  distributed  over  a  shorter  rigid  and  a  longer  flexible  driver-wheel 
base;  the  comparatively  low  driver-wheel  loads;  the  relatively  higher 
tractive  power  per  unit  of  weight  per  wheel;  the  automatic  regulation 
of  the  tractive  effort  between  the  two  sets  of  engines ;  the  distribution  of 
the  tractive  power  between  tw^o  groups  of  driver-wheel  bases,  running 
gear*  frames  and  cylinders;  the  introduction  of  the  compound  principle 
with  independent  cylinders  and  large  intermediate  receiver  capacity;  the 
greater  reserve  capacity  in  the  boiler  and  through  the  use  of  direct  pres- 
sure steam  in  the  low  pressure  cylinders;  the  combination  of  extreme 
power  in  two  sets  of  engines  with  one  boiler  and  tender  under  the  control 
of  one  engineer  and  fireman;  a  greater  percentage  of  paying  tonnage  to 
be  hauled  per  total  weight  of  locomotive  and  train  and  less  liability  for 
complete  disablement. 

BALTIMORE   AND   OHIO   RAILROAD    PERFORMANCE. 

The  first  locomotive  put  into  operation  in  this  coimtry  was  for  the 
Baltimore  &  Ohio  Railroad,  its  object  being  to  determine  upon  the  prac- 
ticability of  such  a  class  of  motive  power  to  efficiently  and  economically 
increase  the  capacity  of  a  busy,  mountainous  line  in  event  that  might 
become  necessary.  The  design  of  the  experimental  locomotive  decided 
upon  was  of  the  Mallet  articulated  duplex  compound  steam  type^  and  the 
construction  was  completed  in  April,  1904,  after  which  the  locomotive 
was  exhibited  at  the  Louisiana  Purchase  Exposition,  and  later  put  into 
regular  helper  freight  service  on  the  Connellsville  Division  on  January 
6,  1905. 

The  following  data  are  self-explanatory  and  show  the  actual  results 
from  the  performance  of  this  locomotive  •  for  the  three  and  one-third 
year  period  ending  May  5,  1908: 
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Fbuoht  Skryice. 


Road. 


Helper. 


Total. 


Engine  erew  or  Gonstruotive  Mileage  (on  basis  of 
6  miles  per  hour) 

Locomotive  or  Actual  Mileage 

Time  available  for  Transportation  Department 
use 

Time  unavailable  for  Transportation  Department 
use 

Water  used  per  pound  of  coal  consumed 


1,798 
1,798 


139,104 
76,601 


140,902 
78,399 


1,027  days  or  84.6%. 

189  days  or  16.6%. 
6.23  lbs. 


Cost  in  Gents  Pbk  Mile  Run. 

FOR 

OnBaatof 

Constructiye 
Mileace. 

'      Actual 
Mileage. 

FJnginft  ^rew  hire ........ 

$10.16 
9.30 
4.96 
.89 
.61 
.46 
.29 

$18  27 

Fuel 

16  71 

Repairs 

8  92 

Wipine.  hostlerine  and  disDatchinff 

1.60 

Lubricating  oil,  grease  anci  waste 

.91 

Water 

.82 

Sand,  illuminating  oils  and  other  supplies 

61 

Total  Cost 

$26.66 

$47  74 

The  actual  mileage  includes  only  the  road  miles  made  by  the  locomo- 
tive and  does  not  provide  for  the  time  that  it  was  crewed  and  waiting  for 
trains,  working  around  terminals  and  switching,  a  considerable  proportion 
of  which  occurs  in  helper  freight  service  and  for  which  an  allowance  is 
made  in  the  constructive  mileage. 

The  following  essential  features,  which  were  somewhat  radical  as 
compared  with  the  ordinary  American  railroad  practice  at  the  time  this 
locomotive  was  designed,  have  given  entirely  satisfactory  results :  Articu- 
lated frame;  elimination  of  truck  wheels;  Mellin  system  of  duplex 
compounding  and  simpling;  flexible  joints  to  the  receiver  and  exhaust 
pipes;  Walschaert  motion  gear;  combination  hand  and  power  reversing 
gear;  high  pressure  piston  and  low  pressure  double-ported  slide  valves; 
high  and  low  pressure  steam  balanced  piston  packing  rings;  method  of 
securing  high  pressure  cylinders  to  boiler;  single  disK  balanced  main 
throttle  valve  and  235  pounds  working  steam  pressure. 

No  difficulty  has  been  experienced  with  the  tracking  and  riding 
qualities  going  forward  or  backward,  around  maximum  curvature  ©r  on 
straight  track,  either  when  pushing,  pulling  or  breaking  trains  or  running 
light.    The  performance  has  demonstrated  that  neither  leading  nor  trailing 
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truck  wheels  are  necessary,  which  overcomes  the  objection  to  the  ad4ed 
dead  weight,  increased  number  of  revolving,  swiveling  and  other  parts 
and  greater  number  of  wheels  and  bearings  for  wear  and  lubrication. 
There  is  also  the  objection  to  truck  wheels  due  to  the  increased  resistance 
levers  and  friction  when  entering  and  leaving  curves  as  produced  through 
the  supporting  centers  having  to  be  carried  farther  forward  from  the 
swiveling  point  than  would  be  necessary  where  truck  wheels  are  not  used 
and  which  latter  arrangement  provides  a  more  flexible  balancing  .and 
curving  locomotive.  The  driver-wheel  end  play  and  flange  wear  has  been 
more  favorable  than,  and  on  slippery  rail  there  is  not  the  same  relative 
loss  of  power  as  with  the  Consolidation  type  locomotives,  for  the  reason 
that  in  the  former  there  are  two  separate  sets  of  connected  driver-wheels 
and  engines  which  can  act  automatically  independent  of  each  other  in 
regulating  the  tractive  effort,  whereas  with  the  latter  all  driver-wheels 
must  act  in  unison. 

With  pil  lubrication  to  the  driver  axle  bearings,  to  the  present  date 
but  one  journal  has  required  turning  due  to  heating. 

Ihe  combination  of  surge  plates  in  the  boiler  with  the  use  of  the 
single  disk  main  throttle  valve  has  eliminated  priming  and  provided  dry 
steam  at  the  high-pressure  steam  chests,  and  no  trouble  has  been  expe- 
rienced with  condensation  in  the  low-pressure  cylinders. 

There  has  been  no  trouble  due  to  trains  parting  either  when  pulling 
or  pushing  and  the  following  table  shows  the  weights  on  driver-wheels 
and  the  tractive  and  horse-powers  as  compared  with  other  steam  and 
electric  locomotives  performing  similar  service,  at  running  speeds  of  lO 
miles  per  hour: 


!       Weight  on 
Kind  of  Locomotive.         1  Driver  Wheels  in 
i        Pounds. 

Tractive  Power 
in  Pounds. 

Horse-power. 

Mallet  Articulated,  steam. 
In  Simnle  Gear 

334,600 
334,500 
320,000 
160,000 
173,000 

91,300 
71,500 
70,000 
35,000 
42,168 

2,434 

In  Compound  Gear 

Two  eections,  electric 

One  section,  electric 

1,906 

1,866 

933 

Consolidation,  steam 

965 

The  Mallet  locomotive  has  been  operated  by  regular  and  pooled 
crews  consisting  of  one  engineer  and  one  fireman  and  the  latter  have  not 
been  taxed  to  their  physical  capacity. 

Injectors  of  4,500  and  5,000  gallons  per  hour  capacity  are  used  dn  the 
left  and  right  sides  of  the  locomotive,  respectively,  either  of  which  will 
supply  the  boiler  when  developing  the  maximum  horse-power. 

No  defects  have  developed  in  the  boiler  sheets  or  in  the  method  of 
attaching  the  high-pressure  cylinders   to   the   same.     The  fire-box  is  '^ 
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excellent  condition  and  with  the  exception  of  a  few  fire  cracks  extending 
from  some  of  the  rivet  holes  at  the  seams  and  at  the  furnace-door  holes, 
but  which  have  given  no  indication  of  leakage,  is  as  good  as  when  applied. 
The  number  of  solid  staybolts  removed  for  partial  and  entire  fractures 
and  all  other  causes  is  158,  and  the  2j4-inch  diameter  21-foot  length  flues 
have  been  reset  but  twice,  not  including  the  third  resetting,  which  will  be 
made  this  month. 

The  fire-box,  staybolt  and  flue  performance  of  this  locomotive  oper- 
ating with  235  pounds  indicated  steam  pressure  has  been  more  favorable 
than  for  Consolidation  simple  type  locomotives  working  under  the  same 
fuel,  water  and  service  conditions  with  205  pounds  indicated  steam 
pressure. 

The  flexible  joints  at  each  end  of  the  receiver  pipe  which  conveys  the 
high-pressure  cylinders  exhaust  steam  to  the  low-pressure  cylinder  valve 
chambers  have  received  no  attention  with  respect  to  either  renewals, 
repairs  or  adjustment  and  there  has  been  no  leakage,  probably  due  to  the 
fact  that  the  long  lever  arm  results  in  but  slight  movement  of  the  joints. 

The  Walschaert  valve  gear,  which  is  the  oldest  now  in  use  on  any 
locomotive  in  this  country,  has  more  than  demonstrated  its  superiority  in 
every  respect  over  the  Stephenson  and  similar  forms  of  motion  gear  for 
modern  locomotive  construction. 

Taken  as  a  whole,  the  design  of  the  locomotive  can  be  considered  as 
satisfactory,  and  the  only  changes  found  necessary  or  made  in  the  original 
construction  have  been  to  strengthen  a  weak  cross  equalizer  and  the  driver 
springs;  to  change  the  flexible  connections  between  the  oil  delivery 
pipes  and  the  low-pressure  cylinder  steam  chests  and  to  rearrange  the 
rocking  and  drop  grates  and  operating  gear. 

While  the  locomotive  receives  fire  cleaning,  fuel,  sand,  water,  washing 
out  and  minor  running  repairs  at  Rockwood,  Pa.,  from  which  point  it  is 
dispatched  for  helper  freight  service,  the  heavier  running  and  the  classi- 
fied repair  work  must  be  done  at  the  divisional  enginehouse  at  Connells- 
ville,  Pa.,  to  which  station  it  is  diverted  at  periodic  intervals. 

As  compared  with  Consolidation  simple  type  locomotives  the  fuel 
consumption  per  ton  mile  is  considerably  less  on  the  level,  somewhat  less 
on  the  combined  level  and  mountainous  and  slightly  less  on  the  moun- 
tainous lines. 

This  locomotive  is  doing  the  work  of  two  standard  Consolidation 
simple  locomotives  and  the  results  from  its  service  has  more  than  met 
the  expectation  of  the  builders  and  owners  and  has  established  the  prac- 
ticability and  the  advisability  for  the  use  of  this  class  of  power  for  the 
purpose  as  intended. 

ERIE  RAILROAD  PERFORMANCE. 

The  Erie  Railroad  put  into  service  during  September,  1907,  three 
Mallet  articulated  duplex  compound  steam  types  of  helper  freight  locomo- 
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tives,  the  high  and  low  pressure  sets  of  engines  each  consisting  of  four 
pairs  of  connected  driver- wheels.  • 

These  three  locomotives  retired  nine  heavy  decapod  and  Consolidation 
locomotives  with  tractive  powers  ranging  from  35,560  to  40,000  pounds. 
The  cumulative  performance  of  the  three  locomotives  for  the  six-month 
period  ending  March  31,  1908,  is  shown  in  the  following: 

Total  actual  locomotive  mileage 31*763 

Total  tractive  power  mileage 3,01 1,132400 

Average  cost  for  maintenance  per  locomotive  mile 12.86  cents. 

Average  cost  for  maintenance  per  10,000  tractive  power 
miles   1.36  cents. 

The  service  of  these  locomotives  to  the  present  date  has  been  satis- 
factory, but  inasmuch  as  they  have  not  yet  been  in  use  for  a  sufficient 
length  of  time  to  require  classified  repairs,  the  ultimate  cost  for  mainte- 
nance can  only  be  estimated. 

A  series  of  road  tests  were  recently  made  to  determine: 

First:    The  coal  and  water  consumption. 

Second:    The  drawbar  push. 

Third :  The  steam  distribution  and  back  pressure  in  the  high  and  low 
pressure  cylinders,  dryness  of  steam  and  horse-power. 

Owing  to  the  limited  capacity  of  dynamometer  car  used  the  locomo- 
tives could  not  be  operated  at  their  maximum  tractive  power. 

Figs.  I  and  2  are  the  logs  taken  from  two  runs,  respectively.  The 
variation  in  the  number  of  revolutions  of  the  driver-wheels  of  the  low 
pressure  or  forward  as  compared  with  the  high  pressure  or  rear  engines 
may  be  accounted  for  by  the  difference  in  the  diameter  of  the  driver- 
wheels,  due  to  wear  and  by  the  independent  slipping  which,  however, 
seldom  exceeded  one-half  of  a  revolution.  The  difference  in  the  speeds 
of  the  locomotives  which  were  obtained  by  calculation  from  the  diameter 
of  the  driver-wheels  and  the  number  of  revolutions  per  minute  as  com- 
pared with  that  recorded  by  the  dynamometer  car  which  was  obtained  by 
a  speed  recorder,  can  be  attributed  to  the  same  cause,  which  will  also 
apply  as  the  reason  for  the  variation  in  the  curves  representing  the  indi- 
cated and  the  dynamometer  horse-power. 

Reference  to  the  alignment  of  the  road  covering  that  portion  of  the 
run  as  included  by  the  log  will  show  the  considerable  curvature  and 
opportunity  for  the  driver- wheels  slipping. 

A  feature  of  these  tests  is  the  quality  of  steam  obtained,  more  espe- 
cially in  the  long,  exposed  receiver,  where  over  98  per  cent  of  dryness 
was  maintained  throughout  the  run,  which  may  be  attributed  to  the  fact 
that  these  locomotives  are  provided  with  a  combined  steam  separator 
and  main  throttle  valve,  whereby  all  entrained  water  is  retained  in  the 
boiler.  By  this  means  the  formation  of  a  more  or  less  broken  film  of 
water  on  the  steam  passage  and  cylinder  walls  with  the  coiftequent  loss 
of  heat  by  condensation  is  prevented,  and  the  perfectly  dry  steam  which 
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is  delivered  to  the  high  pressure  cylinder  retains  the  temperature  due  to 
its  pressure  throughout  the  expansion,  and  is  delivered  to  the  low  pres- 
sure cylinders  in  practically  the  same  relative  quality  as  to  the  high 
pressure  cylinders. 

Fig.  3  covers  a  number  of  characteristic  indicator  diagrams  showing 
very  clearly  the  effect  of  the  high  pressure  cylinders'  exhaust  on  the 
receiver  and  low-pressure  cylinders*  pressures.  The  descriptive  data  on 
this  sheet  is  self-explanatory,  but  the  following  items  are  of  interest : 

First:  That  the  opening  of  the  admission  or  the  cut-off  of  the  low- 
pressure  cylinders  has  no  appreciable  effect  upon  the  exhaust  line  of  the 
high-pressure  cylinders  as  is  usually  found  in  compound  locomotives. 

Second:  That  the  exhaust  of  the  high-pressure  cylinders  may  occur 
at  any  point  in  the  stroke  of  the  low-pressure  pistons  and  actually  does 
vary  continually,  although  the  ideal  condition  would  be  where  the  high- 
pressure  cylinders'  exhaust  comes  just  at  the  time  of  admission  to  the 
low-pressure  cylinders,  as  is  shown  in  the  second  row  of  diagrams,  or 
just  following  the  point  of  cut-off  as  is  illustrated  in  one  of  the  cards  in 
the  fourth  row,  where  in  both  cases  the  low-pressure  cylinders  would 
receive  the  full  benefit  of  the  maximum  pressure  in  the  receiver  at  the 
commencement  of  the  stroke  of  the  pistons. 

Figs.  4  and  5  illustrate  some  dynamometer  card  records  having 
unusual  characteristics,  such  as  the  uniform  draw-bar  effect  covering  a 
distance  of  2,000  feet  traversed  in  three  minutes,  as  shown  by  Fig.  4.  This 
performance  is  more  possible  with  an  articulated  duplex  compound  steam 
locomotive  than  with  any  other  type,  due  to  the  two  sets  of  engines 
assuming  a  relation  wherein  the  cranks  are  one-eighth  of  a  revolution 
apart  and  maintaining  an  almost  constant  push  of  pull.  The  considerable 
variation  in  the  drawbar  push  at  the  end  of  the  uniform  tractive  effort 
is  undoubtedly  due  to  one  set  of  engines  slipping  slightly  and  getting  in 
step  with  the  other  set. 

Fig.  5  shows  the  record  of  a  part  of  a  run  over  very  slippery  rail 
during  which  the  supply  of  sand  became  exhausted.  The  points  indi- 
cated by  "X"  are  the  places  of  slippage,  but  it  will  be  noted  that  the 
draw-bar  push  was  but  slightly  decreased  by  that  action,  due  to  the  fact 
that  but' one  set  of  engines  would  slip  at  the  same  time  and  which  slipping 
would  seldom  cover  an  entire  revolution,  due  to  the  automatic  regulation 
of  the  tractive  effort  between  the  two  sets  of  engines,  which  immediately 
occurs  when  either  set  of  connected  driver-wheels  lose  their  adhesion. 

Fig.  6  is  a  tabulation  of  the  coal  and  water  consumption  during  three 
runs  and  is  self-explanat^ory. 

GREAT    NORTHERN    RAILWAY    LINE   PERFORMANCE. 

The  Great  Northern  Railway  now  has  in  service  22  of  the  larger  or 
helper  freight  type  of  Mallet  locomotives  on  the  mountainous  grades  on 
its  Cascade  Division  and  45  of  the  smaller  or  road  freight  type  on  the 
districts  where  the  maximum  grade  varies  from  0.6  per  cent  to  i  per  cent. 
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To  the  present  date  the  cost  per  actual  road  mile  run  for  five  of  th( 
helper  freight  locomotives,  which  were  put  into  service  during  Novembeil 
1906,  has  averaged  as  follows:  ] 

Engine  crew  hire,  wiping,  hostlering  and  dispatching.  .27,06  cents. 

Fuel  55.22      " 

Repairs    9.83      " 

Lubricating  oil,  grease  and  waste 1.76      ** 

Sand,  illuminating  oil  and  other  supplies 39      " 


Total     94.26  cents. 

The  relatively  high  cost  for  fuel  is  due  to  the  use  of  a  semi-bitumin- 
ous coal  which  will  evaporate  not  to  exceed  3^4  pounds  of  water  per 
pound  of  coal.  ^ 

The  cost  per  actual  road  mile  run  for  25  of  the  road  freight  locomo- 
tives that  were  put  into  a  201  mile  continuous  trip  service  in  November, 
1906,  where  the  locomotives  are  pooled  and  crews  changed  midway  of  the 
district,  averaged  as  follows  to  the  end  of  the  fiscal  year  June  30,   1907: 

Cost  of  repairs  per  mile 6.72  cents. 

Coal  consumed  per   loo-ton  miles  excluding  weight 

of  locomotives  19.18  pounds. 

The  use  of  the  Mallet  locomotives  has  enabled  the  following  increase 
in  the  through  freight  train  gross  tonnage,  not  including  the  weight  of 
the  motive  power: 

Cascade  Mountain  Division :     Increase  from  1,050  to  1,450  tons. 

Leavenworth,  Wash.,  to  Spokane,  Wash.:  Increase  from  1,100  to 
1,450  tons. 

Whit.efish,  Mont.,  to  Havre,  Mont.:  Increase  from  1,300  to  1,700 
tons. 

Williston,  N.  D.,  to  Minot,  N.  D. :     Increase  from  1,606  to  2,200  tons. 

The  above  represents  an  increase  of  approximately  35  per  cent  in  the 
freight  train  gross  tonnage  and  has  eliminated  congestion  in  yards  which 
was  previously  occasioned  by  the  use  of  Consolidation  locomotives. 

With  the  present  arrangement  there  is  but  one  place  on  the  entire 
system  between  Seattle,  Wash.,  and  St.  Paul,  Minn.,  where  it  is  necces- 
sary  to  reduce  through  freight  train  tonnage  —  that  is,  a  train  leaving 
Seattle,  Wash.,  with  1450  tons  arrives  at  Williston,  N.  D.,  a  distance  of 
1,180  miles,  with  2,500  tons  and  is  then  reduced  to  2,200  tons,  which  the 
smaller  Mallet  road  locomotives  handle  successfully  without  helper  on  a 
.72  per  cent  grade. 

From  tests  recently  made  on  the  district  between  Havre,  Mont.,  and 
Cut  Bank,  Mont.,  it  was  found  that  the  coal  consumption  averaged  14-3 
pounds  per  100-ton  miles  as  compared  with  28  pounds  as  consumed  by  the 
Consolidation  type  locomotives,  or  a  saving  representing  approximately 
49  per  cent.    On  the  district  between  Minot,  N.  D.,  and  Williston,  N.  D., 
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the  results  of  a  sixty-trip  test  shows  11.04  pounds  of  coal  constuned  per 
100-ton  miles  west-bound,  and  9.27  pounds  of  coal  consumed  per  lOO-ton 
miles  east-bound.  The  performance  of  the  Consolidation  locomotives 
over  the  same  district  for  the  fiscal  year  ending  June  30,  1907,  averaged 
19.25  pounds  of  coal  per  loo-ton  miles,  showing  a  saving  of  approxi- 
mately 47  per  cent  in  fuel  consumption. 

On  the  district  between  Clancy,  Mont,  and  Moodville,  Mont.,  the 
annual  performance  of  Consolidation  locomotives  averaged  33.1  pounds 
of  coal  per  loo-ton  miles.  From  a  series  of  tests  made  with  the  Mallet 
locomotives  during  March  of  this  year,  with  an  increase  of  3354  per 
cent  in  the  train  tonnage,  the  coal  consumption  was  somewhat  less  than 
25  pounds  per  loo-ton  miles. 

The  conclusions  with  respect  to  the  operation  and  maintenance  of  the 
Mallet  road  and  helper  freight  locofnotives  as  put  into  service  on  the 
Great  Northern  Railway  Line  is  as  follows: 

Operation.  Very  little  trouble  has  been  experienced  in  the  handling 
of  the  heavier  trains  on  the  mountainous  districts  and  less  difficulty  has 
been  experienced  on  account  of  break-in-two's  as  compared  with  the 
simple  Consolidation  type  locomotives,  which  is  accounted  for  by  the 
automatic  independent  action  of  the  two  sets  of  connected  driver-wheels 
and  engines.  It  has  also  been  demonstrated  that  the  firing  of  these  loco- 
motives with  the  quality  of  fuel  available  is  within  the  capacity  of  one 
fireman,  although  the  use  of  some  type  of  locomotive  stoker  is  being 
considered  on  account  of  the  heat  from  the  furnace  door  opening. 

From  the  performance  to  the  present  date  it  is  thought  that  a  con- 
siderably lower  ratio  of  adhesion  is  permissible  with  the  Mallet  type 
locomotives  as  compared  with  other  classes. 

Design.  The  question  of  flange  wear  was  carefully  considered  due 
to  the  fact  that  the  locomotives  would  be  required  to  operate  in  both 
directions  without  turning.  It  was  decided  to  provide  leading  and  trailing 
wheels  in  combination  with  radial  trucks  and  the  results  have  been  very 
satisfactory. 

Maintenance.  The  cost  for  repairs  per  mile  run  will  necessarily 
average  higher  than  for  the  simple  Consolidation  locomotives,  but  on  the 
basis  of  loo-ton  miles  it  is  materially  reduced. 

•While  no  trouble  has  been  experienced  in  keeping  the  flexible  low- 
pressure  steam  and  exhaust  pipe  joints  tight  they  have  required  consid- 
erable attention  and  consideration  is  now  being  given  to  the  use  of  a 
metallic  packing. 

On  the  first  locomotives  built  the  high -pressure  cylinder  saddles  were 
secured  to  the  boiler  shell  by  means  of  studs,  which  caused  considerable 
trouble  due  to  their  working  loose  and  leaking.  This  difficulty  has  been 
overcome  by  the  use  of  cast-steel  cylinder  saddles,  which  are  riveted  to 
the  boiler  shell. 

M-16 
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During  the  winter  months  some  trouble  was  experienced  through 
having  to  keep  the  cylinder  cocks  open  to  relieve  the  condensation  due  to 
the  low  pressure  steam  coming  in  contact  with  the  low  pressure  cylinder 
large  wall  area.  It  is  the  opinion  that  the  use  of  some  form  of  reheater 
or  superheater  would  overcome  this  difficulty  and  bring  about  a  consid- 
erable improvement  in  the  efficiency. 

On  account  of  the  trouble  experienced  in  supplying  sand  to  the  rail 
ahead  of  the  first  driver  wheels  to  the  low-pressure  or  articulated  engine, 
it  was  found  necessary  to  locate  an  independent  sand-box  between  the 
cylinders  of  the  low-pressure  engine,  and  which  has  overcome  the  diffi- 
culty due  to  the  original  sand-box  location  on  top  of  the  boiler. 

The  foregoing  information  is  self-explanatory  as  to  the  results  that 
have  been  obtained  from  the  use  of  these  locomotives,  and  justifies  the 
general  conclusions  as  set  forth  in  this  report. 

NORTHERN    PACIFIC   RAILWAY    PERFORMANCE. 

The  Northern  Pacific  Railway  now  has  in  helper  freight  service  i6 
Mallet  locomotives  of  similar  type  to  those  in  use  for  the  same  class  of 
service  on  the  Great  Northern  Railway.  Two  of  these  locomotives  are 
now  in  use  on  the  Cascade  Mountain  Lines,  and  from  which  operation  it  is 
expected  to  secure  some  valuable  comparative  performance  data.  While 
some  weak  points  have  developed  in  the  operation  and  maintenance,  more 
especially  in  connection  with  the  flues,  the  locomotives  in  general  are 
rendering  good  service  and  haul  an  increase  of  about  300  tons  in  train 
tip  a  2.2  per  cent  grade  as  compared  with  the  other  heaviest  types  of 
mountain-line  locomotives  in  similar  service  on  that  railroad. 

CHICAGO,  BURLINGTON  &  QUINCY  RAILROAD  PERFORMANCE, 

The  Chicago,  Burlington  &  Quincy  Railroad  has  had  one  of  the  Great 
Northern  Line  helper  freight  Mallet  locomotives  in  their  service  for  some 
time  past  and  has  recently  put  into  use  two  additional  locomotives  of 
this  type.  To  the  present  date  your  committee  has  been  unable  to  secure 
any  detailed  information  of  the  performance  of  these  locomotives  except 
such  as  pertains  to  the  one  Great  Northern  Line  type,  and  which  is 
included  in  the  tabulation,  photogravure,  diagram  and  profile  sheet  and 
comparative  performance  data  compilation. 

AMERICAN    RAILROAD   OF   PORTO    RICO    PERFORMANCE. 

Three  of  the  four  Mallet  locomotives  in  use  on  this  railroad  operate 
between  Mayaguez  and  Lajas  to  transport  the  sugar-cane  traffic. 

Two  locomotives,  each  in  service  about  sixteen  hours,  handle  a  total 
of  ninety  loaded  cars,  each  of  15-tons  capacity,  every  working  day, 
while  the  third  locomotive  is  retained  in  reserve. 

From  Mayaguez  to  Filial  Amor  the  Mallet  locomotives  are  assisted 
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by  one  Consolidation  type  to  hasten  the  formation  of  the  loaded  car 
trains  and  to  distribute  empty  cars.  From  Filial  Amor  to  Lajas  the 
loaded  and  empty  movement  is  handled  by  the  Mallet  locomotive. 

The  fourth  Mallet  locomotive  is  in  service  on  another  section. 

The  performance  is  satisfactory.  , 

MISCELLANEOUS  RAILWAYS  PERFORMANCE. 

With  respect  to  the  three  Mallet  locomotives  in  service  on  the  Central 
Railway  of  Brazil,  and  the  two  on  the  Guayaquil  &  Quito  Railway  of 
Ecuador,  your  committee  regrets  that  up  to  the  present  time  it  has  been 
unable  to  secure  any  detailed  data  pertaining  to  their  performance  or 
maintenance.  What  information  has  been  secured  indicates  that  they  arc 
giving  satisfactory  results  and  are  suitable  for  the  purpose  for  which 
they  were  constructed. 

All  of  which  is  respectfully  submitted. 

J.  E.  MuHLFELD,  Chairman. 
G.  H.  Emerson, 
T.  Rumney, 
F.  H.  Clark, 
C.  J.  Mellin, 

Committee. 
Baltimore,  Ma,  June  i,  1908. 

Mr.  Muhlfeld  :  I  might  say  in  this  connection  that  during 
the  past  two  or  three  years  you  have  probably  read  in  various 
magazines,  technical  journals,  and  proceedings  of  railroad  clubs, 
a  considerable  number  of  reports  on  the  subject  of  electrification, 
which  go  further  than  the  motor-car  service  and  into  the  electric 
locomotive  service.  I  think  from  the  electrification  that  has  been 
installed  so  far,  and  which  applies  to  electric  locomotives,  and  not 
to  motor  cars,  that  our  electrical  colleagues  have  found  it  requires 
more  than  the  mere  application  of  an  armature  and  some  fields 
around  a  driver-wheel  axle. 

The  electrification,  however,  of  steam  railroads,  particularly 
where  city  terminal,  tunnel  conditions  and  other  features  are 
involved,  is  something  that  will  be  given  more  and  more  con- 
sideration each  year,  and  I  think  for  that  reason,  in  steam  loco- 
motive design,  the  use  of  higher  steam  pressures,  combined  with 
or  independent  of  superheat,  and  of  feed-water  heaters,  compound 
cylinders  and  greater  attention  to  the  efficiency  of  the  boiler,  are 
items  that  should  be  given  serious  consideration. 

There  is  no  doubt  that  the  locomotive  boiler  and  the  loco- 
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motive  engine  is  uneconomical,  but  at  the  same  time,  where  you 
are  dependent  upon  an  outside  source  of  power,  and  where  the 
load  factor  is  a  fluctuating  item,  on  account  of  double  the  rated 
capacity  of  the  motors  being  required  to  start  the  train  and  only 
one-quarter  the  rated  capacity  of  the  motors  being  required  after 
starting,  is  an  expensive  system,  and  while  it  compares  unfavor- 
ably at  the  present  time,  unless  we  decrease  the  cost  of  operation 
by  decreasing  fuel  consumption,  and  increasing  the  capacity  of 
locomotives,  the  electric  locomotive  may  prove  a  competitor  later 
on,  particularly  where  water  power  is  available. 

One  objection  to  electrification  for  heavy  tonnage  service  is 
the  high  first  cost,  due  to  power  plants,  contact  and  transmission 
lines,  and  other  auxiliary  equipment,  as  well  as  the  locomotives, 
but  that  is  something  which  will  be  gradually  reduced  and  the 
fixed  charges  decreased  and  greater  economy  brought  about  in 
that  way. 

In  the  matter  of  steam  railroad  electrification,  the  people  who 
are  at  present  the  most  enthusiastic  are  the  ones  who  design  and 
install  the  electric  systems.  Up  to  the  present  time  I  have  not 
heard  anything  very  favorable  from  the  people  who  are  required 
to  maintain  and  operate  the  electrical  equipments,  and  as  they 
are  the  ones  who  should  be  the  real  judges  of  the  efficiency  of 
the  installations,  we  understand  from  them  that  they  have  been 
relatively  very  expensive. 

As  I  have  said,  in  order  to  keep  the  steam  locomotive  eco- 
nomical and  efficient,  the  improvement  of  the  boiler  as  well  as 
of  the  steam  distribution,  should  receive  serious  consideration, 
particularly  where  heavy  trains  are  to  be  handled,  and  in  view 
of  the  increased  cost  of  conducting  transportation  accounts,  such 
as  wages  of  engine  and  train  crews  and  cost  of  fuel  and  sup- 
plies, it  is  very  essential  that  the  tractive  power  of  the  locomotive 
be  increased  as  much  as  is  permissible. 

The  President:  This  report  is  now  before  the  Association 
for  discussion.  Mr.  Clark,  have  you  anything  to  say  in  this 
connection  ? 

Mr.  Clark  :  ]\Tr.  President,  about  all  the  information  I  have 
upon  this  subject  is  contained  in  the  report.  I  was  one  of  the 
members  of  the  committee  and  felt  in  duty  bound  to  give  the 
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committee  all  the  information  I  had,  which  was  not  very  much. 
We  have  three  Mallet  compounds  in  service  at  the  present  time,  * 
but  personally  I  do  not  know  very  much  about  them.     They 
have  only  been  in  service  for  two  or  three  months;   I  hea|Lvery 
little  of  them,  but  assume  they  are  doing  good  work. 

The  President  :  Is  there  any  other  gentleman  present  who 
has  had  experience  with  the  Mallet  type  of  engine?  Mr.  Rumney, 
can  we  hear  from  you? 

Mr.  Rumney  :*  I  believe  that  all  the  information  we  possess 
has  been  incorporated  in  the  report.  We  tried  to  cover  the 
matter  as  thoroughly  as  possible,  but  it  was  unfortunate  that  we 
were  not  able  to  obtain,  at  the  time  of  the  test,  a  dynamometer 
car  of  sufficient  capacity  to  get  the  full  tractive  power  of  the 
engine,  consequently  the  report  is  not  as  valuable  as  we  would 
like  it  to  be. 

The  engines  have  given  very  satisfactory  service,  but  you  will 
see,  from  the  report,  that  the  maintenance  cost  is  high.  This  is, 
perhaps,  due  to  the  fact  that  we  were  not  as  well  equipped,  by 
reason  of  experience,  to  handle  the  repairs  as  promptly  as  all 
other  and  more  prevalent  types  of  locomotives. 

The  President  :  Mr.  Vauclain,  we  would  like  to  hear  from 
you  on  this  subject. 

Mr.  Vauclain  :  Mr.  President,  I  think  this  is  one  of  the 
best  reports  that  has  been  brought  before  the  convention.  There 
are  one  or  two  things  that  I  do  not  quite  agree  with,  however. 
Mr.  Muhlfeld  claims  one  advantage  of  a  Mallet  engine,  is  the 
opportunity  to  get  on  so  much  larger  boiler.  I  think  those  who 
have  the  Mallet  design  find  that  there  is  considerable  difficulty 
to  get  the  large  boiler  and  keep  the  weight  down  to  the  limit 
per  driving  axle. 

You  will  notice  on  the  smaller  type  locomotives  which  we 
built  for  the  Great  Northern  Road,  if  you  are  familiar  with  their 
power,  you  would  find  that  the  boiler  on  this  locomotive  is  the 
same  size  exactly  as  the  boiler  on  their  Pacific  type  passenger 
engine,  so  that  with  a  locomotive  with  fifty  per  cent  more  weight 
on  drivers  we  have  practically  the  same  boiler,  but  the  high 
efficiency  which  we  are  able  to  obtain  from  this  engine  makes 
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this  boiler  sufficiently  large  for  the  maximum  capacity  for  the 
work  to  be  performied.  Of  course,  with  the  use  of  trucks  front 
and  back  in  the  Mallet  locomotive  we  are  enabled  to  get  additional 
boiler  capacity,  and  therefore  I  am  in  favor  of  a  leading  and 
trailing  truck  for  the  larger  types  of  Mallet  engine  on  that 
account,  because  with  the  same  weight  on  driving  wheels,  by  the 
use  of  the  trucks,  we  are  able  to  put  all  excess  weight  into  the 
boiler. 

Mr.  Muhlfeld  also  called  attention  to  the  opportunity  for 
intermediate  superheat  and  that  is  a  matter  that  is  not  only  being 
considered  tentatively,  but  is  absolutely  being  designed  and  will 
be  put  into  service  very  shortly. 

I  wish  to  call  attention  to  what  I  think  is  a  very  bad  feature 
in  this  report,  and  that  is  the  record  of  the  dry  steam  consump- 
tion of  the  Mallet  engine  on  the  Erie  Railroad.  I  do  not  like  to 
see  it,  because  I  do  not  think  it  is  true.  I  do  not  believe  that  any 
Mallet  type  of  compound  engine  will  use  as  high  as  thirty-seven 
pounds  of  dry  steam  per  indicated  horse-power,  or  42.4  pounds, 
as  quoted  here,  of  dry  steam  per  dynamometer  horse-power.  It 
will  not  do  that,  unless  there  is  a  straight  line  connection  between 
the  high-pressure  steam  pipe  and  the  smoke  stack,  and  my  idea 
is  that  the  engineer  may  have  been  afraid  of  his  water  in  these 
trials  or  the  gauge  cock  may  haVe  been  entirely  too  high  for  the 
grade  and  that  considerable  solid  water  flowed  over,  and  those 
making  the  tests  failed  to  take  account  of  the  solid  water,  while 
they  may  have  taken  account  of  some  of  the  moisture  in  the 
steam,  because  I  do  not  believe  that  steam  with  only  two  per  cent 
of  moisture  in  it  would  give  any  such  results  in  a  Mallet  com- 
pound as  forty  pounds  of  dry  steam  per  dynamometer  horse- 
power. 

My  opinion  is  it  was  about  twenty  pounds  of  dry  steam  per 
horse-power  and  having  reference  to  the  reports  of  the  Great 
Northern  locomotives,  the  tests  of  which  were  made  under  more 
excessive  climatic  conditions,  these  reports  would  show  that  it 
must  have  been  about  a  twenty-pound  water  rate,  at  least  not 
over  a  twenty-pound  water  rate. 

I  feel  that  the  subject  of  Mallet  compounds  is  one  that  should 
be  freely  discussed  at  this  meeting  because  before  we  have  another 
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meeting  I  am  inclined  to  believe  that  a  great  many  railroads  will 
be  using  Mallet  compound  locomotives.  It  has  been  definitely 
demonstrated  that  these  engines  are  not  so  well  adapted  to  the 
mountain  pusher  service  as  they  are  to  low-grade  freight  service, 
and  the  highest  economies  they  are  showing,  while  they  are 
highly  economical  in  mountain  service,  are  those  in  low-grade 
service,  and  they  are  being  put  to  work  on  grades  as  low  as  6-10 
of  one  per  cent  and  are  being  considered  by  a  road  which  has  only 
a  grade  of  2-10  of  one  per  cent. 

We  are  bound  to  adopt  the  very  largest  type  of  locomotives 
in  our  freight  service ;  our  cars  are  being  increased  in  capacity, 
and  lately  the  question  has  been  brought  up  of  still  further 
increasing  the  capacity  of  our  freight  cars  for  certain  classes  of 
traffic,  and  when  we  do  that  we  must  have  a  locomotive  that  is 
easy  to  maintain,  economical  in  service,  which  can  be  handled  by 
two  men,  an  engineer  and  fireman,  with  such  mechanical  appli- 
ances as  we  may  see  fit  to  adopt  such  as  a  coal  pusher  for  the 
tender  to  place  the  coal  at  the  fireman's  feet,  so  that  he  will  not 
have  to  walk  after  it,  and  in  this  way  the  type  of  locomotive  for 
freight  service  is  going  to  gradually  change  from  the  single 
unit  to  the  Mallet  or  compound  unit. 

Mr.  C.  J.  Mellin  (American  Locomotive  Co.)  :  In  reference 
to  the  test  made  with  the  Erie  engines,  it  should  be  remarked  that 
this  test  was  made  neither  by  the  railroad  nor  the  builder  of  the 
engines,  but  due  to  the  general  interest  these  engines  had  created, 
a  few  students  of  the  graduating  class  at  Cornell  University 
obtained  the  permission  of  the  railway  to  make  a  test  on  those 
engines  on  which  to  base  their  thesis  for  examination. 

The  young  men  came  to  Susquehanna  with  the  various  testing 
apparatus  and  had  them  applied  to  one  of  the  engines  just  as  it 
was  after  six  months*  service,  during  which  time  I  learned  that 
no  repairs  had  been  needed  except  replacing  a  couple  of  rod 
brasses  and  that  neither  a  cylinder  head  nor  valve-chest  cover, 
etc.,  had  been  removed  from  the  engine  since  it  arrived  on  the 
road,  but  that  the  engines  had  done,  and  still  were  doing,  the 
work  of  the  three  engines  it  replaced  very  satisfactorily. 

The  piston-rod  packings  blew  a  great  deal  and  it  is  probable 
that  after  so  long  service  that  there  was  some  leakage  through 
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pistons  and  valves  that  to  some  extent  may  account  for  the 
apparent  heavy  water  consumption. 

The  engines  are  held  in  the  highest  esteem  both  by  officials 
and  men,  and  are  considered  as  very  economical  in  fuel  con- 
sumption as  compared  with  the  former  engines  in  same  service, 
and  it  was  generally  regretted  that  the  service  condition  did  not 
admit  of  putting  the  engine  in  a  first-class  order  before  the  test. 

In  regard  to  the  front  and  rear  truck,  that  Mr.  Vauclain 
advocates,  I  am  not  entirely  of  that  opinion,  for  I  find  that  we 
get  a  better  engine,  going  ahead  as  well  as  going  back,  without 
trucks,  because  the  trucks  elongate  the  leverages  and  the  front 
truck  is  certainly  a  great  objection  when  an  engine  of  this  kind  is 
backing,  and  the  rear  truck  would  not  be  necessary.  We  are 
building  now  an  engine  with  only  a  front  truck,  and  we  are 
building  it  under  protest,  for  if  we  go  forward  the  truck  is 
doing  no  harm  and  it  does  not  do  any  particular  good;  but  in 
going  back  it  is  a  serious  matter  to  have  an  engine  with  a  front 
truck.  I  would  not  advise  backing  very  fast  with  an  engine  that 
has  to  overcome  the  resistance  of  the  front  truck. 

Mr.  Vauclain  :  In  regard  to  this  front  truck  matter,  if  you 
hitch  two  six-wheel  switchers  together  and  start  them  over  a 
railroad,  you  have  to  regulate  their  speed  or  you  can  not  get  to 
their  destination.  The  Mallet  engine  has  some  of  this  rocking 
motion,  and  by  the  introduction  of  a  truck  at  either  end  we 
overcome  that  action,  the  same  as  we  overcome  it  when  we  make 
a  Mogul  locomotive  do  freight  service  instead  of  using  a  six- 
wheel  coupled  engine.  It  is  more  noticeable  the  shorter  the  wheel 
base.  Where  we  use  a  six-wheel  engine  for  switching  service, 
we  make  the  wheel  base  as  long  as  possible  on  that  account. 

But  there  is  in  addition  to  that,  and  the  advantage  of  adding 
additional  locomotive  boiler  capacity  to  a  locomotive  of  this  kind, 
a  third  reason,  and  that  is  the  increased  influence  of  the  friction 
between  the  drawbar  of  the  locomotive  and  the  drawbar  of  the 
car,  due  to  the  thrust  of  the  locomotive  when  operating  at  maxi- 
mum power.  If  we  have  a  locomotive  having  a  tractive  power 
of  80,000  pounds,  we  have  a  vertical  resistance  between  the  coup- 
lers of  20,000  pounds.  This  vertical  resistance,  if  not  supported 
through  the  connection  of  the  driving  spring  to  the  front  axle,  as 
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it  would  be  in  a  Mallet  engine  without  a  truck,  gives  more  serious 
consequences  than  when  supported  by.  the  intermediate  mechanism 
of  the  front  truck. 

The  President:  Is  Professor  Hibbard  in  the  room,  or  any 
one  associated  with  Mr.  Hibbard  in  making  the  test  that  Mr. 
Mellin  has  referred  to?  I  believe  they  were  made  under  his 
superintendence. 

Mr.  Sanderson,  I  understand  that  you  have  been  looking  into 
the  matter  of  compounds,  the  Mallet  type,  etc.  Do  you  wish  to 
say  anything  on  the  subject? 

Mr.  Sanderson  :    No,  I  have  nothing  to  say. 

Mr.  Muhlfeld:  I  would  suggest,  Mr.  President,  and  will 
make  a  motion  to  that  effect,  that  the  committee's  report  be 
accepted  as  describing  the  progress  that  has  been  made  to  the 
present  time  with  the  Mallet  type  of  locomotive,  the  report  cover- 
ing about  one  hundred  of  that  type  in  use  on  some  of  the  prin- 
cipal railroads.  I  think  it  is  about  all  the  data  we  have  available 
at  the  present  time.     (The  motion  is  carried.) 

The  PREsn)ENT:  The  next  sul?ject  before  us,  gentlemen,  is 
the  result  of  tests  with  the  briquetted  coal  made  on  a  locomotive 
testing  plant  of  the  Pennsylvania  R.  R.  at  Altoona.  Mr.  A.  W. 
Gibbs. 

Mr.  Gibbs:  Mr.  President,  I  submitted  to  the  Association 
an  abstract  of  the  results  of  our  tests  of  briquettes,  and  Mr. 
Nelson,  who  did  the  work,  is  here.    I  will  ask  him  to  read  it. 


RESULT    OF    TESTS    OBTAINED    WITH    BRIQUETTED    COAL 

MADE  ON  THE  LOCOMOTIVE  TESTING  PLANT  OF  THE 

PENNA  R.  R.  CO.,  AT  ALTOONA,  PA. 

To  the  Members: 

These  tests  were  carried  out  under  the  direction  of  Dr.  J.  A.  Holmes, 
Expert  in  Charge,  Technologic  Branch,  United  States  Greological  Survey. 

It  was  intended  to  ascertain  if  low  volatile  coals  of  a  semi-smokeless 
nature  but  friable  and,  therefore,  not  fairly  satisfactory  in  locomotive  use, 
could,  when  briquetted,  be  used  to  reduce  the  amount  of  smoke  and  pre- 
vent the  loss  sustained  from  the  discharge  of  cinders,  which  is  large  in 
coals  of  this  character. 
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The  coal  selected  had  the  following  proximate  analysis: 

Fixed  carbon  73-21  per  cent 

Volatile  combustible   17-75  pcr  cent 

Moisture    2.43  per  cent 

Ash   6.61  per  cent 

100.00  per  cent 

Sulphur    1 .34  per  cent 

Calorific  value,  B.  T.  U 14918 

A  series  of  tests  was  run  with  the  raw  coal  and  another  series  with 
the  same  coal  briquetted  in  two  forms,  square  and  round,  and  experiments 
were  made  with  the  percentage  of  binder  from  5  per  cent  to  8  per  cent 

All  tests  were  run  on  the  Locomotive  Testing  Plant,  a  simple  cylinder 
Atlantic  type  locomotive  being  used,  having  a  total  heating  surface  includ- 
ing fire  side  of  tubes  of  2,320  square  feet  and  a  grate  area  of  55.5  square 
feet.  The  results  give  the  full  performance  of  the  boiler,  together  with 
the  draw-bar  pull. 

The  series  with  the  raw  coal  were  run  in  such  a  way  as  to  show  the 
full  performance  of  the  boiler  from  low  rates  of  evaporation  to  the 
highest  possible  rate  of  evaporation.  The  lowest  rate  of  evaporation  was 
about  18,000  pounds  of  water  per  hour,  equal  to  8  pounds  per  square  foot 
of  heating  surface ;  this  being  increased  throughout  the  test  until,  with  the 
briquetted  fuel,  an  evaporation  of  44,500  pounds  of  water  from  and  at 
212°  F.  was  obtained.  This  is  equivalent  to  19  pounds  of  water  per  hour 
per  square  foot  of  heating  surface. 

The  briquettes  were  fired  with  ordinary  shovel  and  handled  in  the 
manner  usually  employed  for  coal,  no  necessity  being  found  for  breaking 
the  briquettes. 

The  following  table  taken  from  a  plot  of  actual  results  shows  com- 
paratively the  evaporation  of  the  natural  and  briquetted  coal. 


When  the  rate  of  evapora- 
tion per  square  foot  of 
heating  surfaee  is, 

pounds. 

The  equivalent  evaporation  per  pound  of  fuel  is,  for 

Natural  LloydeU  ooal, 
pounds. 

Briquetted  ooal, 
pounds. 

8 
10 
12 
14 
16 

9.5 
8.8 
8.0 
7.3 
6.6 

10.7 

10.2 

9.7 

9.2 

8.7 

The  quantity  of  cinders  collected  in  the  smoke  box  showed  no  material 
difference  as  between  the  raw  coal  and  the  briquetted  coal.  The  quantity 
collected  per  hour  when  burning  100  pounds  of  fuel  per  square  foot  of 
grate  was  about  400  pounds,  reaching  a  maximum  of  about  750  pounds 
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per  hour  with  the  coal  being  burned  at  the  rate  of  120  pounds  per  square 
foot  of  grate. 

Fire-box  and  smoke-box  temperatures  were  practically  the  same  at 
the  same  rates  of  evaporation,  whether  the  coal  was  used  in  its  raw  state 
or  briquetted. 

The  apparent  reason  for  the  increased  evaporation  per  pound  of  fuel 
with  the  briquetted  coal  is  that,  although,  as  already  stated,  the  loss  due 
to  cinders  in  the  smoke  box  is  not  different  as  judged  by  the  quantity  col- 
lected, the  calorific  value  of  the  cinders  from  the  briquetted  coal  was  lower 
than  with  raw  coal,  and,  further,  on  account  of  the  uniform  size  of  the 
briquetted  fuel  the  distribution  of  air  through  the  fire  permitted  more 
complete  combustion  and  liberation  of  heat  than  with  the  raw  coal.       ' 

The  fuel  consumed  per  draw-bar  horse-power  with  the  locomotive 
running  at  a  speed  of  37.78  miles  per  hour  and  a  cut-off  of  25  per  cent 
was  as  follows: 

Raw  coal  4.48  pounds 

Round  briquettes    .3-65  pounds 

This  is  equivalent  to  stating  that  the  amount  of  briquetted  coal  was 
81  per  cent  of  the  amount  of  raw  coal  required  per  draw-bar  horse-power 
at  this  speed  and  cut  off. 

Smoke  observations  were  made  by  Ringelmann's  method  and  by 
photographs.  By  this  former  method  no  smoke  is  indicated  by  0  and  very 
black  smoke  by  5.  There  b^ing  a  total  of  six  gradations  from  0  to  5 
inclusive. 

The  following  table  indicates  for  a  portion  of  the  speeds  and  cut-offs 
the  comparative  smoke  readings,  these  being,  an  average  of  a  large  number 
of  observations  made  at  regular  intervals. 


Speed,  miles  per  hour. 

Cutoflf. 

Average  smoke. 

Kind  of  fuel. 

Per  cent. 

28.34 

20 

1.2 

Raw  coal. 

28.34 

20 

0.8 

Round  briquettes. 

37.78 

25 

1.8 

Raw  coal. 

37.78 

26 

0.7 

Round  briquettes. 

37.78 

30 

2.1 

Raw  coal. 

37.78 

30 

1.8 

Round  briquettes. 

It  is  evident  from  the  above  that  the  briquetting  of  this  coal  materially 
reduced  the  amount  of  smoke,*  but  it  could  not  be  determined  whether 
difference  in  percentages  of  binder  used  made  any  difference  in  the  smoke 
produced. 

At  the  end  of  one  test  at  about  Z7  miles  per  hour  and  a  cut-off  of 
32  per  cent,  the  locomotive  was  shut  off  and  the  blower  put  on  and  at  the 
end  of  two  minutes  the  smoke  had  entirely  cleared  from  the  stack. 

Various  supplemental  tests  indicated  that  with  care  the  locomotive 
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could  be  brought  into  a  terminal  where  smoke  was  objectionable  by  the 
proper  use  of  blower  and  judgment  on  the  part  of  the  engineman  in  regard 
to  the  amount  of  fuel  in  the  shape  of  briquettes  fed  to  the  fire. 

There  was  no  difficulty  in  starting  the  fire  with  briquettes,  the  same 
method  being  used  as  with  the  raw  coal. 

To  determine  the  effect  of  weathering,  a  number  of  round  and  square 
briquettes  were  placed  on  the  roof  in  January  and  February  and  examined 
in  May  or  about  four  months  after,  and  these  showed  no  change  whatever 
in  their  condition. 

For  these  tests,  the  briquettes  which  had  been  made  at  the  station  of 
the  Geological  Survey  were  shipped  to  Altoona  carefully  stacked  in  open 
gondola  cars  and  were  carefully  unloaded  and  restacked.  Very  few  were 
broken  and  the  amount  of  fine  coal  abraded  from  the  surface  was  prac- 
tically negligible. 

This  method  of  handling  was  all  carefully  done,  but  if  the  briquettes 
had  been  shipped  for  regular  locomotive  service  it  is  not  thought  that  the 
breaking  and  abrasion  of  handling  briquettes  would  be  a  serious  matter 
for  regular  service. 

A.  W.  GiBBS. 

Mr.  Nelson  :  Since  we  have  had  the  locomotive-testing 
plant  we  have  stopped  talking  about  whether  a  locomotive  is  a 
good  steamer  or  a  bad  steamer,  and  we  now  measure  the  capacity 
of  the  boiler  by  saying  that  it  will  evaporate  so  many  pounds  of 
water  per  square  foot  of  heating  surface.  With  gas  coals  we 
have  obtained  as  a  maximum  nearly  eighteen  pounds,  and  prob- 
ably in  road  service  we  get  about  twelve  pounds  of  water  per 
square  foot  of  heating  surface.  I  noticed  just  now  in  connection 
with  the  discussion  of  the  report  on  Mallet  compound?,  that  that 
boiler  on  the  Erie  Railroad  evaporated  an  equivalent  of  about 
nine  pounds  of  water,  so  that  this  figure  mentioned  in  this  report 
of  nineteen  pounds  is  very  remarkable. 

I  think  the  United  States  Geological.  Survey  in  their  test  of 
fuels  have  found  a  very  large  economy  when  the  fuel  was  of 
uniform  size,  and  this  seems  to  mean  that  with  fuel  of  uniform 
size  the  air  is  permitted  to  get  in  contact  with  the  burning  fuel 
and  more  economy  results. 

We  have  exposed,  recently,  the  briquettes  to  the  weather. 
They  seem  to  deteriorate  in  spots.  You  will  find  here  and  there 
a  bunch  of  briquettes  that  are  going  to  pieces,  while  those  which 
are  close  to  them  are  still  hard  and  in  good  condition.  I  am  not 
prepared  to  explain  why  this  should  be. 
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The  President:  This  report  is  before  you  now  for  discus- 
sion. I  just  want  to  say  that  yesterday  a  gentleman  spoke  to  me 
who  is  connected  with  a  briquetting  plant  on  Staten  Island,  and 
asked  for  the  privilege  of  explaining  their  methods.  If  he  is 
present  I  would  like  to  have  him  take  the  floor,  if  it  will  be 
agreeable  to  the  gentlemen  present  to  have  him  do  so. 

Mr.  Angus  Sinclair:  Mr.  President,  I  move  that  the 
gentleman.be  permitted  the  privilege  of  the  floor. 

Mr.  Egbert:  Mr.  President  and  Gentlemen:  I  wish  to 
thank  you  for  the  opportunity  of  addressing  your  members,  but 
I  think  it  would  be  in  poor  taste  for  me  to  stand  up  here  and  talk 
up  our  briquettes.  I  came  here  with  the  idea,  not  of  talking  up 
the  product,  but  merely  of  listening  to  the  discussions  of  your 
Association.  If  there  is  any  one  here  who  wishes  to  ask  any 
questions  on  the  subject  I  shall  be  perfectly  willing  to  answer 
them. 

Mr.  W.  H.  V.  Rosing  (Mo.  Pac.  Ry.)  :  Mr.  President,  from 
the  experience  we  have  had  with  coal  in  briquette  form,  I  find 
the  success  of  this  coal,  as  compared  with  coal  of  like  character 
in  other  forms,  is  due  largely  to  the  pressure  with  which  the 
briquette  is  made.  We  made  numerous  experiments  with  bri- 
quettes manufactured  by  the  Geological  Survey,  at  St.  Louis, 
the  first  ones  being  rectangular  in  form,  similar  to  a  building 
brick,  and  necessitating  breaking  before  firing.  The  breaking 
and  handling  of  the  briquettes  accumulated  about  twelve  per  cent 
of  slack.  These  briquettes  were  made  in  a  machine  of  foreign 
manufacture  and  were  not  sufficiently  hard.  Later  machines 
were,  however,  introduced  and  briquettes  made  in  lentil  form, 
weighing  about  one-half  pound  each.  These  briquettes  gave 
fully  as  good  results  in  actual  locomotive  practice,  as  the  report 
of  the  testing  plant  indicates.  We  found  that  briquettes  made  from 
any  class  or  grade  of  fuel,  either  bituminous  or  semianthracite, 
gave  proportionately  better  results  than  of  the  same  grade  of 
fuel  in  any  other  form.  The  question  of  briquetting  coal  is  one 
of  considerable  importance,  especially  where  mines  produce  a 
large  percentage  of  slack.  The  Arkansas  mines,  which  furnish 
the  Mo.  Pac.  Ry.  with  considerable  coal,  average  from  fifty  to 
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fifty-five  per  cent  slack  and  they  can  not  always  find  a  market 
for  this  material. 

Comparing  the  briquette  with  lump  coal  in  the  fire  box,  we 
found  the  gases  emitted  from  the  lump  coal  would  come  out  in 
parallel  planes  with  the  veins  of  the  lump  coal  and  would  not 
properly  mix  with  the  air  passing  around  the  lumps,  while  with 
the  briquette,  which  is  a  homogeneous  mass,  the  gases  seem  to 
come  out  from  all  sides  and  mix  with  the  air  as  it  passes  by  and 
through  the  fire.  The  briquettes  were  consumed  from  the  out- 
side and  would  not  burst  or  break  open  in  giving  out  the  gases, 
thus  retaining  a  resemblance  to  the  original  shape  at  all  times, 
only  diminishing  in  size,  even  with  moderate  shaking  of  the 
grates,  and  would  therefore  maintain  uniform  air  spaces. 

The  smoke  emitted  from  the  stack  when  the  briquette  fuel 
was  used  was  reduced  about  fifty  per  cent  over  lump  coal  of 
the  same  grade. 

Mr.  Nelson  spoke  about  some  of  the  briquettes  deteriorating 
with  age.  In  my  opinion  this  is  due  directly  to  the  low  pressure 
under  which  the  briquettes  were  manufactured.  We  had  several 
tons  of  briquette  coal  which  had  been  piled  in  the  open  air  for  a 
period  of  about  three  years  which  showed  no  perceptible  change 
in  condition.  In  making  our  tests  with  briquette  coal,  we 
unloaded  it  from  a  car  into  the  chutes  and  then  dumped  it  into 
the  tender  in  the  usual  way.  We  found  practically  no  breaking 
up  of  the  briquettes  made  under  high  pressure.  It  was  also  found 
that  less  binder  was  required  with  the  high  pressure.  An  average 
of  five  per  cent  of  coal  tar  binder  was  used  in  the  briquettes  above 
referred  to. 

The  management  of  the  Mo.  Pac.  Ry.  deems  it  advisable  to 
store  considerable  quantities  of  coal  during  certain  periods  of  the 
year  and  we  store  in  the  neighborhood  of  500,000  tons  annually. 
We  have  always  had  more  or  less  trouble  with  spontaneous  com- 
bustion in  these  coal  piles  and  last  year  \ste  lost  about  eight  per 
cent  by  destruction  by  fire  from  this  cause,  the  reason  being  that 
iron  pyrites  in  the  fissures  of  the  coal  is  oxidized  to  an  extent 
which  causes  heating  to  the  point  of  ignition.  In  briquette  coal 
this  chemical  is  entirely  broken  up  and  in  such  physical  form 
that  coal  can  be  stored  for  practically  an  indefinite  period  without 
the  coal  being  destroyed  by  spontaneous  combustion. 
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The  smokelessness  of  the  briquette  coal  is  a  very  desirable 
quality  and  is  now  receiving  considerable  attention  from  the 
Naval  Department,  and  I  think  about  1,200  tons  was  tested  on 
Admiral  Evans'  Flag  Ship  before  his  trip  around  the  Horn.  It 
seems  the  reduction  of  smoke  from  the  immense  funnels  of  a 
battleship  fs  of  more  importance  than  economy  of  fuel  consump- 
tion, on  account  of  the  unobstructed  view  while  in  action. 

Mr.  DeVoy«:  Mr.  President,  I  would  like  to  inquire,  before 
this  discussion  is  closed,  whether  there  has  been  any  attempt  made 
to  briquette  Montana  coal,  and  if  so,  what  constitutes  the  method 
and  as  to  the  cost.  It  has  become  a*  very  serious  problem  with  us 
how  to  handle  Montana  coal  on  account  of  its  lightness  and  dis- 
position to  throw  off  sparks.  It  seems  all  right,  and  if  there  is 
anybody  that  has  that  information,  as  to  whether  it  has  ever 
been  mixed  with  other  coal,  or  handled  in  any  way,  we  would  be 
glad  to  know.  If  anyone  present  can  give  us  that  information 
we  should  be  thankful. 

Mr.  Forsyth  :  A  number  of  years  ago  Mr.  Rhodes  had 
charge  of  an  investigation  of  that  kind,  and  he  had  some  of  that 
Montana  lignite  shipped  to  a  briquette  plant  in  the  East.  The 
results  obtained  were  given  in  a  report  to  the  motive  power 
department  of  the  Burlington  Road,  and  the  figures  can  be 
obtained  there,  I  have  no  doubt.  As  I  remember  it,  the  cost  of 
briquetting  was  rather  high  and  almost  prohibitive.  I  think  that 
is  the  case  generally.  The  gentleman  from  Staten  Island  might 
perhaps  advise  us  as  to  that. 

Mr.  Egbert  :  Mr.  President,  I  have  not  heard  of  any  of  the 
Montana  lignite  coals  being  briquetted,  but  we  have  taken  samples 
of  the  North  Dakota  coal  and  briquetted  them  very  satisfactorily. 
The  cost  of  manufacture  depends  upon  the  coal.  Ordinary  lignite 
will  run  about  $1.00  per  ton  for  the  cost  of  briquetting. 

Mr.  DeVoy:  Do  you  know  anything  about  the  semi-lignite 
coals  ? 

Mr.  Egbert:  Well,  those  coals  can  all  be  prepared,  there  is 
no  question  about  that,  but  it  all  depends  upon  the  quality  of  the 
coal  and  the  amount  of  binder  used. 
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Mr.  Manchester  :  Have  you  any  information  as  to  whether 
it  reduces  the  firing  qualities  ? 

Mr.  Egbert  :  Yes.  As  to  this  disintegration  in  storage,  that 
depends  on  the  binder  used,  whether  it  is  water  and  weather 
proof.  The  ordinary  pitch  makes  a  good  binder.  Other  binders 
will  have  the  effect  of  the  disintegration  which  IVIr.  Nelson 
speaks  of. 

Mr.  Manchester:  What  I  had  specially  in  mind  was  that 
property  or  peculiarity  of  lignite  coal  to  spark  and  fly  off  and 
stay  alive.    Does  it  have  the  effect  of  destroying  that  property  ? 

Mr.  Egbert  :  It  does,  yes,  sir.  The  briquette  will  lie  in  the 
fire  compactly,  and  will  burn  evenly  from  the  outside  and  there 
will  be  no  discharge  of  sparks. 

Mr.  DeVoy  :  I  just  want  to  say,  as  a  matter  of  information, 
that  if  there  is  any  man  who  can,  and  with  success,  burn  the  coal 
up  there,  that  there  is  a  very  fertile  field  for  his  efforts.  The 
American  Locomotive  Co.  has  had  Mr.  John  Player  out  in  that 
country  for  the  past  six  months.  He  is  now  at  Sheridan,  Wyoming, 
and,  I  believe,  experimented  with  it.  I  have  been  on  the  Northern 
Pacific  and  have  seen  them  try  to  burn  it.  You  can  burn  it  all 
right,  but  if  you  attempt  to  get  any  sort  of  results  from  it,  you 
will  have  to  clean  your  front  ends  at  least  every  hour,  and,  if  you 
adopt  any  new  smoke-box  appliances,  even  in  the  form  of  the 
old  wood-burning  stack  or  the  double  system  of  netting,  you  will 
have  trouble.  If  briquetting  can  be  done  economically  and  the 
coal  handled  successfully,  there  will  be  a  fortune  in  it.  I  believe 
we  should  at  least  attempt  to  briquette  it  or  mix  it  with  something 
else,  if  it  can  be  done,  but  there  is  nobody  up  that  way  doing  it 
that  I  know  of. 

Mr.  Rosing:  In  observing  the  cinders  from  briquette  coal 
we  find  that  less  cinders  are  thrown  than  from  screened  lump 
coal,  and  I  would  say,  in  a  general  way,  that  the  throwing  of 
cinders  is  reduced  in  about  the  same  extent  as  the  reduction  of 
smoke.  I  have  no  figures  on  the  cost  of  the  briquetting  coal, 
but  in  figuring  it  up  with  officials  of  the  Geological  Survey,  it 
was  found  that  the  binder  was  one  of  the  great  items  of  expense. 
The  least  we  could  purchase  a  binder  for  was  $9.00  a  ton,  and 
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five  per  cent  binder  will  add  45  cents  per  ton  to  the  briquette 
fuel.  This  is  not  all  lost,  as  the  coal  tar  gives  up  some  heat.  In 
making  a  comparison  of  the  efficiency  of  the  lump  coal  with 
briquettes  of  the  same  material,  on  an  evaporative  basis,  and 
rating  our  lump  coal  on  the  tender  at  $1.70,  we  found  that  we 
could  afford  to  pay  $2.23  for  the  same  coal  in  briquetted  form. 

Mr.  L.  R.  Pomeroy  (Safety  Car  Heat,  and  Ltg.  Co.) :  Mr. 
President,  before  the  subject  is  closed,  I  would  like  to  call  atten- 
tion to  one  or  two  facts.  You  will  notice  in  the  second  paragraph, 
page  2,  that  all  tests  were  based  upon  2,320  square  feet  of  heating 
surface,  which  is  the  heating  surface  at  the  fire  side  of  the  tubes, 
and  inasmuch  as  some  comparison  of  evaporation  has  been  made* 
in  the  Mallet  compound  report,  which  is  based  on  heating  surface 
measured  at  the  outside  of  the  tubes,  I  would  like  to  request, 
before  the  paper  goes  into  the  Proceedings,  that  the  committee 
also  give  the  equivalent  evaporation  in  the  form  in  which  most 
of  our  statistics  are  presented  to  the  Association,  namely,  the 
water  side  of  tube  surface.  For  example,  the  third  paragraph 
says,  "  the  lowest  rate  of  evaporation  was  about  18,000  pounds 
of  water  per  hour,  equal  to  eight  pounds  per  square  foot  of 
heating  surface."  On  the  basis  of  the  heating  surface  as  it  is 
used  in  the  Proceedings  of  the  Association,  this  figure  wouM 
become  seven  pounds,  in  other  words^  from  ten  to  twelve  per  cent 
less.  I  am  aware  that  the  method  of  using  the  fire  side  of  the 
tube  was  used  at  the  St.  Louis  tests,  but  inasmuch  as  all  the 
figures  of  record  in  the  Association  are  based  on  the  water  side 
of  the  tubes,  and  the  Association  is  not  on  record  as  to  making 
any  change,  that  when  tests  are  presented  based  on  the  fire  side 
of  tubes  the  equivalent  figures  for  the  accustomed  tube-heating 
service  should  also  be  given. 

The  President:    Mr.  Nelson,  have  you  any  explanation  in 
that  respect?    This  matter  can  be  easily  turned  over  all  right. 

Mr.  Nelson  :  Yes,  that  addition  could  be  very  easily  made. 
The  reason  we  have  taken  the  fire  side  of  the  tubes  is  because  the 
Advisory  Committee  in  connection  with  the  St.  Louis  test,  three 
of  whom  were  appointed  from  this  Association,  decided  that  that 
was  the  proper  basis  for  measuring  the  heating  surface,  and  we 
M-17 
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have  followed  it  ever  since,  although  in  most  of  our  reports  we 
have  taken  both. 

The  President:  Is  there  anything  further  on  this  subject? 
Do  you  want  to  say  anything  further  in  closing,  Mr.  Nelson? 

Mr.  Nelson  :    I  have  nothing  to  say. 

Mr.  Gibbs  :  There  is  one  improvement  in  the  briquettes  which 
I  think  should  receive  attention;  that  is,  the  character  of  the 
cinders  discharged  from  the  chimney  is  an  annoying  one.  When 
you  examine  these  cinders,  they  appear  to  be  in  the  form  of 
little  saucers  of  coke.  For  some  time  we  were  at  a  loss  to  explain 
this  peculiar  form,  but  apparently  it  is  due  to  the  fact  that  the 
briquette  when  thrown- into  the- hot  fire  box  becomes  a  gas 
generator  which  bums  into  coke  on  the  surface,  and  the  gas 
coming  out  dislodges  that  coke  in  the  form  of  a  little  thin  layer 
which  is  so  light  that  it  goes  off  through  the  chimney.  Measure- 
ments made  at  our  locomotive  testing  plant  showed  that  a  sur- 
prisingly large  percentage  of  the  weight  of  the  briquettes  fired 
came  out  of  the  chimney  in  the  form  mentioned.  It  occurred  to 
us  that  if  the  briquettes  could  be  perforated  in  somewhat  the 
same  way  that  crackers  are  perforated  to  allow  the  escape  of 
steam,  the  gas  could  be  burned  without  dislodging  the  surface 
coke,  so  that  the  whole  briquette  would  bum  in  place.  I  have 
been  hoping  to  see  some  experiments  made,  with  the  view  of 
overcoming  the  dislodging  of  these  little  cinders ;  but  as  it  stands 
now,  I  believe  that  locomotives  burning  briquettes  would  be  con- 
sidered objectionable  if  worked  very  hard  in  crowded  com- 
munities. 

The  PREsroENT :  Mr.  Egbert,  can  you  say  anything  on  that 
point? 

Mr.  Egbert  :    I  didn't  quite  catch  that,  Mr.  President. 

The  President  :  Mr.  Gibbs  stated  that  they  found  that  there 
were  little  scales  thrown  off  the  briquettes  in  the  shape  of  saucers, 
driven  off  by  the  action  of  the  gas,  and  his  question  is  whether 
some  means  could  be  found  to  avoid  that  liberation  by  perforation 
or  otherwise? 

Mr.  Egbert  :    That  can  only  be  avoided  in  the  density  of  the 
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briquettes^  the  pressure^  as  ithe  gentleman  remarked  a  few 
moments  ago.  The  density  of  the  briquettes  and  the  pressure 
that  is  put  on  them  reduce  the  amount  of  binder  that  is  put  in, 
and  the  more  the  pressure,  the  denser  the  briquettes,  and  the  less 
binder  is  necessary  to  be  used  in  making  them.  In  that  way,  that 
can  be  overcome. 

The  President:  If  there  is  nothing  further  on  this  sub- 
ject, a  motion  to  close  will  be  in  order. 

Mr.  Seley:  Mr.  President,  I  move  that  the  discussion  be 
closed.     (Carried.) 

Mr.  Vaughan  :  Mr.  President,  I  move  that  the  introduction 
of  the  topical  discussions  to  be  opened  by  Mr.  D.  J.  Redding  and 
Mr.  R.  D.  Smith  be  presented  to  the  Secretary  in  written  form, 
and  included  in  the  Proceedings,  and  that  those  subjects  be 
dropped. 

The  motion  was  seconded  by  Mr.  Seley  and  carried. 

TOPICAL  DISCUSSION  — USE  OF  NONCOMBUSTIBLE  ENGINE 

HOUSE  JACKS. 

Mr.  R.  D.  Smith  (N.  Y.  C.  Lines)  :  Just  for  the  purpose  of 
starting  a  discussion  on  the  subject,  I  will  give  a  short  history 
of  my  experience  with  smoke  jacks. 

Those  made  of  sheet  iron  corroded  badly  and  were  generally 
unsatisfactory,  as  they  did  not  last  much  over  three  years,  and 
some  lines  used  them  made  of  sheet  iron  inside  and  vitrified 
sewer  pipe  outside  the  house.  The  sewer  pipe  proved  to  be  more 
satisfactory  than  the  sheet  iron,  because  of  its  longer  life,  but 
cracks  developed,  due  to  changes  in  temperature,  and  made  it 
necessary  to  use  iron  bands,  which  gave  trouble  on  account  of 
corrosion. 

These  different  t3rpes  of  jacks  gave  way  to  heavy  cast  iron, 
but  the  makers  soon  learned  to  make  them  much  lighter,  and 
finally  they  were  made  of  cast  iron  not  over  3-16  inches  thick, 
lasted  longer  and  were  more  generally  satisfactory  than  sheet 
iron. 

Wooden  jacks  weighing  about  four  hundred  pounds  came 
into  favor,  because  of  their  being  lighter  weight  and  cheaper. 
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They  were  first  made  square  in  section  with  a  cap  over  the  top, 
but  owing  to  draft  currents,  were  changed  to  round  sections 
made  of  staves  nailed  together  and  banded.  The  cap  on  top 
served  to  create  currents  which  started  the  jack  burning  from 
the  top  downward,  and  this  led  to  leaving  the  top,  or  ventilator, 
off  entirely. 

A  few  aluminum  jacks  have  been  built,  but  these  are  expen- 
sive and  we  have  not  been  able  to  obtain  any  information  about 
them.  ComT)ination  jacks  made  of  cement,  wood  and  aluminum 
have  been  used,  but  experience  indicates  that  wooden  jacks  are 
superior. 

There  are  numerous  types  of  non-inflammable  jacks  now  on 
the  market,  being  made  principally  of  asbestos  fiber,  called 
asbestos  wood,  asbestos  board,  asbestos  lumber,  etc.  These  are 
made  square  in  section  for  the  sake  of  economy  and  have  the 
advantage  of  being  light,  but  their  cost  is  considerable  more  than 
ordinary  wooden  jacks.  A  number  of  such  jacks  have  been 
designed  for  use  on  the  B.  &  A.  R.  R.,  the  framework  of  which 
is  pine,  and  the  asbestos  wood  is  fastened  to  it  with  screws  which 
are  countersunk  and  covered  with  asbestos  paste. 

Recently,  a  new  type  of  noncombustible  smoke  jack  has  been 
put  on  the  market.  It  is  made  of  non-inflammable  substance 
which  is  applied  to  a  galvanized  iron  wire  screen,  and  the  claim  is 
made  that  it  is  not  affected  by  acids  or  heat  any  more  than  those 
of  asbestos  boards.  We  have  no  figures  to  show  the  comparative 
cost,  but  the  experiment  will  be  watched  with  interest. 

On  motion,  adjourned  to  Wednesday,  at  9 :  30  a.m. 
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WEDNESDAY'S    SESSION. 

President  Mcintosh  called  the  meeting  to  order  at  9 140  o'clock 
and  said: 

Gentlemen,  you  will  please  come  to  order.  The  Secretary  will 
read  a  communication  from  Mr.  Charles  V.  Dudley,  President  of 
the  American  Society  for  Testing  Materials. 

The  Secretary:    The  letter  reads  as  follows: 

June  23, 1908. 
Mr.   Wm.  Mcintosh,  President  Master  Mechanics'  Association,  Atlantic 
City,  N.  J,: 
Dear  Sir, —  I  beg  to  acknowledge  receipt  of  yours  of  June  22d,  trans- 
mitting resolution  of  the  Association  inviting  the  American  Society  for 
Testing  Materials  to  visit  the  exhibits  on  the  Pier  on  to-day  and  to-morrow. 
On  behalf  of  the  American  Society  for  Testing  Materials  I  beg  to  say 
that  this  courtesy  is  very  greatly  appreciated  and  that  it  is  the  sincere  hope 
of  the  management  of  that  Society  that  as  many  as  possible  of  the  Master 
Mechanics'  Association  will  attend  the  meetings  of  the  Society  from  Tues- 
day to  Saturday  inclusive,  of  this  week.    These  meetings  will  be  held  in 
the  Hotel  Traymore,  except  as  specified  on  the  program  herewith. 
Yours  very  truly, 

Chas:  B.  Dudley,  President, 
American  Society  for  Testing  Materials. 

The  President:  The  first  subject  on  the  program  for  this 
morning  is  Balanced  Compounds.  I  have  just  heard  from  Mr. 
Vauclain,  saying  he  missed  the  first  train  and  will  be  in  a  little 
late,  and  he  asks  us  to  postpone  this  subject  until  he  can  get  here. 
As  Mr.  Vauclain  is  one  of  the  best-posted  men  on  the  subject  of 
the  Compound  Locomotive,  I  think  we  had  better  accord  him 
this  favor. 

The  next  subject  which  we  will  discuss  is  the  report  of  the 
Committee  on  Size  and  Capacity  of  Safety  Valves,  of  which  Mr. 
F.  M.  Gilbert,  of  the  New  York  Central,  is  chairman. 

Mr.  Gilbert  presented  the  following  report : 
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REPORT  OF  COMMITTEE  ON  SIZE  AND  CAPACITY  OF  SAFETY 
VALVES  FOR  USE  ON  LOCOMOTIVE  BOILERS. 

To  the  Members: 

Your  committee  appointed  to  collect  data  on  the  size  and  capacity 
of  safety  valves  for  use  on  locomotive  boilers,  and  to  suggest  a  method 
for  carrying  out  teSts  to  determine  the  data  in  connection  therewith,,  begs 
leave  to  submit  the  following: 

No  uniform  practice  seems  to  have  prevailed  in  the  past  in  propor- 
tioning safety  valves  to  the  work  they  are  to  perform.  The  locomotive 
builders  follow  specifications  of  the  railroad  companies,  and  it  seems  to 
have  been  the  practice  of  the  railroad  companies  to  base  their  specifica- 
tions on  what  has  been  done  before  on  similar  locomotives.  The  various 
railroad  companies  have  fallen  into  the  practice  of  specifying  so  many 
25^-inch,  3-inch,  3^ -inch  or  4-inch  valves,  which,  when  reduced  to  exact 
language,  does  not  mean  anything  definite.  Obviously,  two  3-inch  valves 
having  a  sustained  lift  of  J/^-inch  have  a  greater  capacity  for  the  discharge 
of  steam  than  eight  3-inch  valves  having  a  sustained  lift  of  1-32  inch  each. 
The  committee  does  not  wish  to  convey  the  idea  that  the  two  3-inch 
valves  having  a  sustained  lift  of  l^  inch  are  better  for  the  boiler  than 
eight  3-inch  valves  having  each  a  sustained  lift  of  1-32  inch.  We  simply 
wish  to  point  out  the  errors  that  may  arise  from  the  practice  of  specifying 
so  many  valves  regardless  of  the  sustained  lift. 

The  committee  regrets  very  much  that  during  the  past  year  it  was  not 
able  to  conduct  tests  and  obtain  experimental  data,  which  would  no  doubt 
prove  of  value  in  the  solution  of  this  problem.  However,  we  deem  it 
within  our  province  to  outline  briefly  along  what  lines  any  future  investi- 
gations should  be  conducted. 

Perhaps  the  most  important  part  of  any  investigation  should  be  the 
determination  of  the  proper  amount  of  evaporation  which  the  safety  valves 
shall  be  called  upon  to  relieve.  We  already  have  information  as  to  the 
maximum  evaporation  of  locomotives  from  the  tests  at  St.  Louis  in  1904, 
but  the  committee  feels  that  the  safety  valves  would  never  be  called  upon 
to  relieve  this  amount  from  the  fact  that  the  combustion  in  the  firebox 
is  stimulated  by  the  exhaust,  and  that  this  exhaust  is  caused  from  the 
use  of  the  steam  in  the  cylinders.  So  that,  at  a  time  of  greatest  evapora- 
tion, the  steam  is  being  used  approximately  as  fast  as  it  is  generated. 
Hence,  it  remains  for  the  investigators  to  determine  what  shall  be  deemed 
the  proper  amount  of  relief  in  safety  valves.  Then,  too,  the  lift  of  valves 
of  various  sizes  at  the  (;lifFerent  pressures  must  necessarily  be  determined, 
as  also  the  effect  of  this  lift  on  the  life  of  the  valve  seats  and  the  ten- 
dency the  lift  of  the  valves  may  have  to  raise  the  water  in  the  boiler. 

It  is  no  less  important  that  some  data  be  collected  on  open  and 
muffled  valves,  and  in  this  connection,  considering  the  tendency  of  the 
muffler  to  retard  the  How  of  steam  through  the  valve,  it  is  of  importance 


Digitized  by  VjOOQIC 


263 

that  we  review  the  work  of  Mr.  Brownlee  on  the  flow  of  steam  through 
an  orifice,  which  is  contained  in  a  "  Report  on  Safety  Valves "  in  the 
transactions  of  the  Institution  of  Engineers  and  Shipbuilders  in  Scotland, 
Vol.  XVIII,  1874-75,  page  13.  In  this  report  Mr.  Brownlee  has  compiled 
some  data  on  the  rates  of  discharge  tmder  a  constant  internal  pressure, 
into  various  external  pressures,  upon  which  D.  K.  Clark,  in  his  work 
on  the  steam  engine,  bases  the  following  statements :  "  The  flow  of  steam 
of  a  greater  pressure  into  a  receiver  of  a  less  pressure  increases  as  the 
diflFerence  of  pressure  is  increased,  until  the  external  pressure  becomes 
only  58  per  cent  of  the  absolute  pressure  in  the  boiler.  The  flow  of  steam 
is  neither  increased  nor  diminished  by  the  fall  of  the  external  pressure 
below  58  per  cent,  or  about  four-sevenths  of  the  inside  pressure,  even  to 
the  extent  of  a  perfect  vacuum.  In  flowing  through  a  nozzle  of  the  best 
form,  the  steam  expands  to  the  external  pressure,  and  to  the  volume  due 
to  this  pressure,  so  long  as  it  is  not  less  than  58  per  cent  of  the  internal 
pressure.  For  an  external  pressure  of  58  per  cent  and  for  lower  percent- 
ages, the  ratio  of  expansion  is  i  to  1.624." 

From  the  foregoing,  one  is  led  to  believe  that  the  muffler  produces 
no  appreciable  retarding  effect  on  the  safety  valve.  The  committee  feels 
that  this  should  be  verified  in  present  practice. 

As  stated,  before,  it  is  essential  that  the  amount  of  evaporation  that 
the  safety  valves  should  relieve  be  determined.  This  can  best  <be  deter- 
mined by  applying  two  safety  valves  of  known  diameters  and  lift,  which, 
according  to  the  empirical  formula,  are  known  to  be  a  little  small.  A 
third  valve,  of  a  larger  diameter  and  set  to  pop  at  a  somewhat  higher 
pressure  than  the  smaller  valves,  should  be  applied  as  a  means  of  pro- 
tection. If  at  any  time  during  the  test  the  two  small  valves  go  into  action 
and  the  boiler  pressure  rises  above  the  popping  point,  it  would  be  reasona- 
ble to  assume  that  the  valves  were  of  insufficient  capacity.  Another  trial 
with  valves  of  a  larger  diameter  would  no  doubt  prove  of  sufficient 
capacity.  By  changes  in  this  manner  it  would  be  possible  to  apply  two 
valves  of  sufficient  capacity,  and  the  diameter,  lift,  and  form  of  valve 
being  known,  it  would  be  a  simple  matter  to  obtain  the  amount  of  evap- 
oration that  the  valves  were  called  upon  to  relieve  on  the  particular  type  # 
of  locomotive  in  question.  It  is  important  in  this  connection  that  the 
observation  of  pressures  be  very  accurate,  and  the  conmiittee  would 
suggest  that  a  pressure-recording  gauge  be  attached  to  the  boiler  to 
serve  as  a  check  on  the  observer.  Suitable  gauges  for  this  work  are 
now  on  the  market.  Perhaps  the  most  reliable  method  of  determining 
the  lift  of  the  valves  would  be  to  attach  a  rod  to  the  top  of  the  valve 
stem.  This  rod  could  be  connected  to  a  lift- recording  gauge  and  also  ^ 
to  a  lift-recording  mechanism,  operated  by  a  small  motor,  which,  while 
recording  the  lift  on  the  card,  would  also  record  the  time  element.  This 
mechanism  would  give  an  accurate  check  on  the  gauge  observations.  It 
is  understood  of  course  that  the  lift  measurements  be  made  in  the  shop. 

During  the  past  few  months  the  committee  has  been  collecting  data 
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from  the  various  railroad  companies  in  order  to  arrive  at  some  definite 
conclusions  regarding  existing  practices.  A  letter  of  inquiry  was  also 
addressed  to  the  various  valve  manufacturers  and  to  the  locomotive 
builders,  to  whom  the  committee  feels  grateful  for  their  assistance  and 
the  information  they  hiave  so  willingly  furnished.  The  replies  from  some 
twenty  railroads  show  that  the  safety  valves  now  in  use  are  of  sufficient 
capacity,  and  on  these  reports  the  committee  has  based  the  calculations 
that  are  to  follow.  The  records  from  twelve  important  roads  show  that 
the  lift  of  the  valves  varies  from  1-32  inch  to  i-io  inch. 

Taking  the  mean  effective  area  of  opening  in  square  inches  per  500 
square  feet  of  heating  surface,  based  on  existing  average  practice  of 
twelve  railroads,   we   have  developed  the   following   empirical   formula : 

.    0.10266  X  H.  S. 
A  equals 

Where  A  equals  the  effective  area  of  opening  of  the  valve  in  square 
inches,  H.  S.  equals  the  heating  surface  of  boiler  in  square  feet,  and  P 
equals  the  absolute  pressure,  equals  gauge  pressure  plus  15  pounds.  The 
formula  is  based  on  an  evaporation  of  5.28  pounds  of  water  per  square 
foot  of  heating  surface  per  hour,  and  we  recommend  it  for  use  in  the 
application  of  safety  valves  until  such  time  as  it  is  shown  to  be  in  error 
or,  upon  future  investigation,  a  better  one  shall  have  been  devised. 

The  valves  of  nine  prominent  valve  manufacturers  show  a  lift  ranging 
from  .03  inch  up  lo  .15  inch;  taking  an  average  of  these  lifts  (0.087 
inch)  and  working  out  the  values  for  typical  modern  switching,  freight 
and  passenger  locomotives,  we  give  the  following  tabulation  illustrating 
the  application  of  the  empirical  formula: 


Type  of                ^      . 
Locomotive.             Service. 

Heating  Surface, 
Square  Feet. 

3500 
3200 
1900 

Gage 
Pressure. 

No.  and  Size 
of  Valves. 

Pacific 

Consolidation  . . 
K-wheel  switch. 

Paflsenger 

Freight 

Yard. 

200 
200 
200 

3— 3i-inch. 
3— 3\      " 
2— 3i      • 

In  this  tabulation  it  will  be  seen  that  the  number  and  size  of  safety 
valves  for  the  Pacific  and  Consolidation  type  locomotives  are  the  same. 
This  is  so  because  the  committee  deems  it  advisable  and  would  recommend 
that  the  railway  companies  adopt  one  standard  size  of  safety  valve  for 
all  their  locomotives,  and  not  have,  say,  two  3-inch  and  one  3;/^ -inch 
valve  on  the  same  locomotive.  We  feel  that  the  adoption  by  railroads  of 
one  size  of  safety  valve  for  all  locomotives  will  bring  about  a  uniformity 
that  is  much  to  be  desired.  The  valves  shown  in  the  tabulation  are 
assumed  to  have  fortj'-five-degree  seats. 

In  all  these  deductions  one  must  bear  in  mind  that  the  committee 
has  assumed  a  rate  of  evaporation  based  on  the  capacity  of  discharge 
of  the  safety  valves  now  in  use,  and  since  a  vast  majority  of  the  railroads 
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are  experiencing  no  difficulty  with  safety  valves  this  seems  to  be  a  rea- 
sonable assumption. 

F.  M.  Gilbert     (Chairman), 

G.  W.  WnJWN, 
J.  H.  Manning, 

Committee. 
New  York,  May  i8,  1906. 

Note. —  Mr.  Milliken,  a  member  of  the  committee,  did  not  agree  with 
the  above  recommendations,  and  submits  a  minority  report  as  follows: 

MINORITY   REPORT. 

To  the  Members: 

The  writer  has  declined  to  sign  the  report  of  the  committee  appointed 
to  collect  data  on  the  sizes  and  capacity  of  safety  valves  and  to  suggest 
methods  for  carrying  out  tests  to  determine  the  data  in  connection  there- 
with, for  the  following  reasons : 

First:  Because  there  is  given  a  definite  recommendation  founded  on 
an  empirical  formula,  that  appeals  to  us  as  not  having  been  proven  as 
dependable. 

Second:  Because  a  definite  size  of  safety  valves  is  recommended  for 
given  capacity  boilers  without  regard  to  location,  when  the  location  of 
safety  valves,  to  give  desired  results,  is  just  as  important  as  the  size  of 
the  valves  themselves. 

Third:  Because  of  the  further  recommendation  to  use  but  one  size 
of  valves  regardless  of  the  number  that  may  be  required  on  very  large 
boilers. 

Fourth :  Because,  while  a  valve  of  a  given  diameter  is  suggested, 
no  maximum  lift,  or  free  discharge,  is  recommended. 

The  committee  has  found  this  a  large  subject,  and  while  a  very 
important  one,  it  is  surprising  what  little  valuable  data  is  available;  there 
are  numbers  of  formulae,  generally  quite  old,  and  the  majority  evidently 
relate  to  stationary  practice,  and  you  will  all  coincide  that  there  is  a  vast 
difference  in  the  requirements  for  safety  valves  for  stationary  boilers 
and  "modern  high  pressure  locomotive  boilers  of  to-day.  Stationary 
boilers  usually  have  large  steam  spaces,  where  valves  can  be  conveniently 
and  properly  located,  and  it  is  seldom  that  the  entire  volume  of  steam 
being  generated  is  held  in  check  suddenly.  With  the  locomotive  the 
boiler  is  urged  to  its  utmost  capacity;  the  throttle  instantly  closed;  the 
draft,  caused  by  the  speed  of  the  engine,  only  partially  stopped  and  often 
induced  by  the  use  of  the  blower  to  prevent  the  emission  of  smoke ;  hence 
the  greater  necessity  of  the  use  of  correct  size  and  properly  located  safety 
valves.  Quite  a  number  of  these  formulae  are  worked  out  on  a  grate  area 
basis,  which  is  eminently  wrong,  because  the  effectiveness  of  the  grate 
area  is  dependent  on  the  kind  of  fuel  used,  varying  from  anthracite  to 
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high  grade,  gas-bituminous,  and  even  to  other  fuels,  such  as  crude  oils 
and  petroleums.  Other  authorities  use  the  heating  surface  of  the  boiler 
as  a  constant,  and  with  this  as  a  basis  the  evaporative  efficiency  of  the 
boilers  must  be  considered,  and  it  is  here  that  we  feel  we  should  be  care- 
ful of  our  data. 

The  committee  has  used  an  evaporation  of  5.28  pounds  of  water  per 
square  foot  of  heating  surface,  and  tests  of  recently  constructed  boilers. 
as  brought  out  by  the  tests  at  St.  Louis,  have  given  over  12  pounds,  or  an 
increase  of  over  100  per  cent 

I  think  that  you  will  agree  with  me  that  the  proper  location  of  safety 
valves  is  just  as  important  as  their  size;  there  are  numerous  examples 
of  valves  located  on  shells  of  boilers,  attached  to  contracted  steam  spaces, 
or  that  have  been  located  on  pipe  connections,  that  have  resulted  in 
entrained  water  and  fluctuation  of  pressure  in  contracted  steam  spaces 
that  has  resulted  in  destroying  the  valves  and  failure  to  relieve  the 
boilers ;  while  the  same  sized  valves,  when  properly  relocated,  have  worked 
satisfactorily. 

In  connection  with  reason  number  three,  the  writer  objects  to  the 
use  of  more  than  two  safety  valves,  when  they  can  be  had  of  sufficient 
capacity  to  relieve  the  boiler,  believing  the  cost  and  care  necessitated 
in  maintaining  them  will  more  than  offset  the  advantage  of  maintaining 
but  one  size.  Each  valve  should  be  of  sufficient  capacity  to  generally 
relieve  the  boiler  under  ordinary  working  conditions;  the  second  valve 
should  be  provided  to  take  care  of  extraordinary  or  unusual  conditions 
and  should  only  come  into  play  sufficiently  often  to  insure  its  being  kept 
in  working  condition.  In  other  words,  we  should  use  two  safety  valves 
for  the  same  reason  that  we  use  two  injectors,  one  to  supply  the  boiler 
ordinarily,  the  second  as  a  relief  in  case  of  failure  of  the  first  or  upon 
extraordinary  momentary  duty  being  placed  on  the  boiler. 

The  writer  feels,  in  view  of  the  great  importance  of  this  subject 
and  the  small  amount  of  absolutely  accurate  information  that  the  com- 
mittee has  been  able  to  gather  this  year,  that  a  committee  should  be 
continued;  that  its  scope  should  be  increased  to  cover  the  subject  of 
safety  valves  generally,  muffled  as  well  as  open  valves,  and  particularly 
to  make  recommendations,  in  addition  to  the  capacity  of  the  safety  valves, 
for  their  location;  that  they  be  authorized  to  conduct  tests  to  determine 
if  any  of  the  rules  that  are  now  in  force  are  correct  and  if  not  to  formu- 
late such  rules  as  will  provide  us  all  with  good  working  basis.  While 
the  diameter  by  which  safety  valves  are  now  usually  ordered  is  quite 
important,  a  more  important  fact  is  the  real  area  of  outlet,  and  the  size 
of  this  outlet  will  be  governed  not  only  by  the  foregone  conclusions,  but 
also  by  the  pressure  that  the  boilers  carry. 

Respectfully  submitted. 

Jambs  Milliken. 

Wilmington,  Del.,  May  27,  1908. 
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The  President:  Gentlemen,  the  report  is  before  you  for 
discussion,  but  as  there  is  a  minority  report  presented  by  Mr. 
Milliken,  I  think  we  had  better  have  that  read  before  proceeding. 
The  Secretary  will  read  it.  The  Secretary  read  the  minority 
report. 

The  President:  Gentlemen,  you  have  heard  the  minority 
report,  which  we  will  consider  in  connection  with  the  regular 
report,  and  the  subject  is  now  open  for  discussion. 

Mr.  Walsh:     I  move  you,  Mr.  President,  that  the  recom- 
mendation contained  in  the  minority  report  be  adopted. 
(Motion  seconded.) 

The  President  :    Is  there  any  discussion  on  this  motion  ? 

Mr.  Gaines:  I  would  like  to  suggest  to  the  Association  as 
a  whole  that  emphasis  be  laid  on  the  one  recommendation  they 
make  of  tests,  as  considering  both  the  original  report  and  the 
minority  report,  it  is  very  evident  there  is  a  considerable  lack  of 
data  on  the  whole  subject.  It  is  an  important  subject,  and  there 
are  some  very  valuable  points  brought  out  in  both  reports,  and  I 
think  to  make  the  report  next  year  valuable,  if  it  is  a  possible 
thing,  we  should  have  some  tests  to  determine  the  proper  location, 
to  determine  the  be^st  or  most  desirable  amount  of  lift,  and  to 
develop  formulae  and  if  there  is  any  possibility  to  have  a  series 
of  tests,  I  do  not  know  of  any  one  subject  that  would  benefit  the 
Association  as  a  whole  more  than  to  get  some  accurate  data  on 
this  subject. 

Mr.  Nelson  :  It  might  be  of  interest  possibly  at  this  time  to 
state  that  during  the  St.  Louis  test  it  was  necessary  for  us  to 
have  a  calibration  of  all  safety  valves  used  on  the  boilers  included 
in  those  tests,  because,  under  some  conditions,  it  was  difficult  to 
prevent  the  safety  valves  from  blowing,  and  we  made  a  calibration 
of  the  valves  in  order  to  determine  the  amount  of  water  lost  per 
second.  We  did  not  keep  a  record  of  the  names  of  these  valves, 
but  the  average  amount  of  water  passed  per  second  by  all  the 
valves  tested  at  St.*  Louis  was  1.29  pounds,  and  since  we  have 
had  the  plant  at  Altoona'we  have  found  it  to  be  1.6  pounds  of 
water  per  second  passed  by  the  safety  valve. 

We  made  a  test  very  recently,  since  this  report  was  written. 
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to  see  what  the  condition  would  be  with  the  locomotive  running 
at  about  the  capacity  of  the  boiler,  and  suddenly  shut  off,  and  we 
found  under  those  conditions  that  the  four-inch  safety  valve 
which  we  are  using  passed  214  pounds  of  water  per  second. 

Mr.  Peck  (C.  &  W.  I.)  :  In  my  experience,  especially  in  sec- 
tions of  the  country  where  we  have  bad  water,  I  think  it  is  neces- 
sary that  the  boilers  should  be  relieved  very  gradually.  I  have 
known  many  times  where  an  engine  would  stall  on  the  hill  on 
account  of  the  engine  blowing  off,  with  bad  water,  and  the  train 
would  come  to  a  standstill.  I  think  the  committee  should  take 
into  consideration  the  use  of  different  kinds  of  water  in  the  test, 
as  I  think  if  the  boiler  is  gradually  relieved,  and  gradually  shut 
off,  it  is  much  better  than  when  relieved  instantly,  and  shut  off 
instantly,  on  account  of  the  bad  condition  of  the  water.  I  also 
think  a  gradual  relief  better  for  the  safety  of  the  boiler. 

Mr.  Gilbert:  I  can  not  see  that  there  is  any  necessity  of 
going  into  any  elaborate  tests  to  verify  laws  that  have  been 
repeatedly  checked.  The  only  important  point  at  issue,  as  I  see  it, 
is  the  question  —  what  constitutes  the  most  exacting  conditions 
for  the  safety  valves?  The  report  simply  lowers  the  high  |x)ints 
and  raises  the  low  points  of  existiner  practice,  which  seems  to 
have  given  pretty  good  satisfaction.  'Hiere  is  danger  that  boilers 
equipped  with  a  certain  number  of  valves,  of  certain  sizes,  which 
have  a  certain  outlet,  may  have  their  valves  changed,  so  as  to  get 
valves  of  the  same  nominal  diameter  and  possibly  not  more  than 
one-eighth  of  the  outlet  of  the  original  equipment,  and,  under 
these  conditions,  we  may  get  into  some  trouble,  but  if  we  can 
establish  a  relation  between  the  work  to  be  done,  and  the  outlet 
which  is  to  do  it,  I  think  no  serious  trouble  need  be  apprehended. 
It  seems  to  me  unnecessary  to  go  back  and  verify  laws  govern- 
ing the  flow  of  steam  which  have  been  so  repeatedly  checked. 
Further,  I  would  like  to  say  that  if  this  committee  is  continued, 
and  it  is  expected  to  accomplish  anything,  it  will  be  necessar>' 
that  we  get  a  more  prompt  response  from  those  in  position  to 
furnish  information.  It  appears  to  me  that  the  railroad  com- 
panies had  to  dig  up  the  information,  and  in  many  cases  it  was 
only  fragmentary  when  we  got  it,  important  items  being  omitted. 

Mr.  Vaughan:     I  would  ask  Mr.  Xelson  if  he  found  any 
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difference  between  different  styles  of  safety  valves  in  the  rate  of 
discharge  ? 

Mr.  Nelson:  We  have  no  information  in  regard  to  that, 
because,  as  I  stated  a  moment  ago,  we  did  not  keep  a  record  of 
the  names  of  the  valves  on  the  engines  tested  in  St.  Louis,  and 
up  to  this  time  we  only  tried  one  valve  which  we  are  using,  but 
with  2.4  pounds  per  second,  that  would  mean  with  two  such 
valves,  which  we  use,  it  would  correspond  to  6.54  pounds  per 
square  foot  of  heating  surface,  whereas  the  committee  recom- 
mends 5.28,  so  that  the  committee's  recommendation  is  very 
close,  probably,  to  what  is  necessary. 

Mr.  Sanderson  :  I  would  ask  Mr.  -Nelson  if  in  that  calibra- 
tion of  the  test  engines  at  St.  Louis,  without  any  reference  to  the 
names  or  makes  of  the  valves,  he  did  not  find  great  variation  in 
the  capacity  of  the  valves  of  the  same  size?  It  would  be  inter- 
esting to  the  members  to  know  that,  to  show  there  is  need  of 
much  more  thorough  investigation  into  this  subject  on  that 
account.  The  nominal  size  of  the  valve  does  not  always  govern 
its  real  capacity. 

Mr.  Nelson:  There  is  a  variation  in  the  amount  of  steam 
passed  by  the  different  valves  at  St.  Louis,  but  we  did  not  take 
the  diameters  of  the  valves,  so  that  our  data  are  not  reliable  from 
the  standpoint  you  speak  of.  • 

Mr.  Vaughan  :    Is  there  a  difference  ? 

Mr.  Nelson  :  I  have  the  figures.  They  range  from  .347 
pounds  per  second,  to  2.95  pounds  per  second.  I  think  it  is 
largely  a  matter  of  the  ideas  of  the  builders  in  regard  to  the 
proper  relief  for  the  boiler. 

The  President:  Are  there  any  further  remarks  on  this 
subject?  If  not,  we  will  put  the  question.  It  is  moved  and 
seconded  that  the  recommendations  in  the  minority  report  be 
adopted.     (Carried.) 

The  President:  As  Mr.  Vauclain  is  not  yet  here,  we  will 
take  up  the  next  report.  Revision  of  Standards,  Mr.  W.  H.  V. 
Rosing,  chairman. 

Mr.  Rosing  read  the  report. 
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REPORT  OF  COMMITTEE  ON  REVISION  OF  STANDARDS. 
To  the  Members: 

We  have  entertained  the  subject  of  revision  of  standards  for  this 
Association  in  the  order  they  are  published  in  the  Proceedings  for  1907, 
and  desire  to  submit  the  following: 

SCREW  THBSADS,  BOLTS  AND  NUTS. 

We  recommend  that  the  standards  as  published  on  pages  353  and  354 
be  continued  without  change. 

In  the  formula,  on  page  354,  for  diameter  of  screw  at  bottom  of  thread, 
there  should  be  a  decimal  point  after  the  i  in  the  numerator  of  the  frac- 
tion, instead  of  a  comma. 

In  the  table  on  page  355,  we  recommend  the  word  "  hexagon  "  be  pre- 
fixed to  the  word  *'  nuts  "  in  the  heading  of  the  second  column,  and  "  bolt 
heads  "  in  the  heading  of  the  third  column,  and  that  the  table  be  continued 
from  2  inches  to  include  3^-inch  sizes,  as  follows : 
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PROPORTIONS  FOR  SELLERS    STANDARD  NUTS   AND  BOLTS. 

We  recommend  that  the  formula  for  calculating  the  dimensions  of 
standard  nuts  and  bolt  heads  on  page  356  be  continued  unchanged,  with  the 
exception  of  the  equation  for  "  rough  head,"  which  should  read  as  follows : 

Rough  Head  =  ^  times  diameter  bolt  plus  1-16  inch. 

This  will  give  the  same  result  as  figured  with  the  present  equation,  but 
will  express  the  equation  with  reference  to  the  diameter  of  the  bolt,  same 
as  the  remaining  equations  on  that  page. 

SQUARE  BOLT  HEADS. 

We  recommend  that  the  rule  for  calculating  the  square  bolt  heads  be 
continued  without  change. 
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SHEET   METAL  GAUGE. 

We  recommend  the  t)rpe  of  micrometer  gauge,  on  page  357,  be  con- 
tinued, and  that  it  be  printed  in  advance  of  the  decimal  gauge  which  is 
shown  on  page  386. 

DISTANCE  BETWEEN   BACKS  OF  FLANGES. 

We  recommend  the  dimensions  shown  under  this  item  on  page  357 
to  be  applicable  to  steel-tired  wheels,  either  engine  truck,  driver  or  tender 
wheels,  and  that  the  M.  C.  B.  standard  gauges  for  cast-iron  wheels  shown 
on  pages  239,  240  and  241  of  the  M.  C.  B.  Proceedings,  1907,  be  used  when 
cast  wheels  are  applied  to  engines  or  tenders. 

This  item  should  precede  the  item  of  driving-wheel  centers  and  sizes 
of  tires,  shown  on  page  358,  and  the  diagrams  referred  to  printed  on  plates 
Nos.  14  and  15. 

LIMIT  GAUGES  FOR  ROUND  IRON. 

We  recommend  the  figures  shown  in  the  table  on  page  357,  and  the 
illustration  of  gauges,  pages  357  and  358,  be  maintained,  with  the  addition 
of  limits  of  measurement  of  iron  from  i^  inches  up  to  iji  inches  in 
diameter,  as  follows : 


Non^inal  Diameter  of 
iron.  Inches. 

Large  Siie 
End,  Inches. 

Small  Size 
End.  Inches. 

Total  Variation^ 
Inches. 

!1 

1.3860 
1.5115 
1.6370 
1.7625 

1.8880 

1.3640 
1.4885 
1.6130 
1.7375 
1.8620 

.022 
.023 
.024 
.025 
.026 

Round  iron  2  inches  in  diameter  and  over  should  be  rolled  to  the 
nominal  diameter. 

DRIVING-WHEEL  CENTERS. 

We  recommend  the  various  sizes  of  wheel  centers  given  in  previous 
report,  as  follows: 

38  inches  44  inches  50  inches 

56  inches  62  inches  65  inches 

70  inches  72  inches  74  inches 

78  inches  82  inches  86  inches 
90  inches 

be  maintained  as  standard. 
M-18 
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SECTION  OF  TIKE. 

Note. — We  recommend  the  section  of  tire  for  steel-tired  wheels  shown 
on  Plate  i  be  changed  on  tread  to  conform  with  the  tread  of  wheel  shown 
on  Sheet  J,  M.  C  B.  Proceedings  for  1907. 


This  item  should  follow  the  item  of 

PLANGES." 


DISTANCE   BETWEEN    BACKS   OF 


SHRINKAGE  ALLOWANCE  OF  i;pt£S. 

We  recommend  that  the  shrinkage  of  tires  should  be  on  a  uniform  and 
proportionate  basis,  and  that  the  dimensions  shown  in  the  diagram  below, 
allowing  1-80  of  an  inch  per  foot  in  diameter  of  38-inch  centers,  and  1-60 
of  an  inch  per  foot  in  diameter  of  90-inch  centers,  be  adopted. 


8?$5|5§Qi;jt^Rit? 
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We  recommend  the  follt>wing  heading  for  tire  and  wheel  center 
gauges :  "  Standard  Master  Gauges  for  Turning  Wheel  Centers  and  Boring 
Tires,"  and  that  the  illustration  for  these  gauges  be  made  to  include  the 
dimensions  for  all  of  the  standard  wheel  centers  and  tires,  and  the  item 
follow  the  item  of  "  Shrinkage  Allowance  of  Tires." 
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SPOKES. 


We  reconunend  the  sectional  spoke  for  driving-wheel  centers,  shown 
on  page  359,  be  continued  without  change. 


DRIVING-WHEEL  CENTERS. 


We  recommend  the  practice  for  molding  of  driving-wheel  centers,  page 
360,  be  continued  without  change. 
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We  recommend  the  omission  of  the  paragraph  relating  to  thickness  of 
flange,  on  top  of  page  361,  as  this  will  be  governed  by  gauges  recommended 
under  the  head  of  "  Distance  Between  Backs  of  Flanges." 

STANDARD   METHOD  OF   CONDUCTING  EFFICIENCY  TEST  FOR   LOCOMOTIVES. 

We  recommend  the  method  of  conducting  the  efficiency  test  of  locomo- 
tives, commencing  on  page  364,  be  continued  without  change,  and  that  the 
illustrations  of  indicator  attachments,  on  pages  384  and  385,  be  printed  fol- 
lowing the  illustrations  on  page  367.  This  subject  should  precede  Air- 
Brake  Instruction  Rules  on  page  400. 

DEaMAL  GAUGE. 

We  recommend  that  the  decimal  gauge,  page  386,  be  continued  with- 
out change. 

BRIGGS'  STANDARD  WROUGHT-IRON   PIPE  AND  THREAD. 

We  recommend  that  this  subject  be  combined  with  the  one  following^, 
page  387,  to  read  as  follows : 

STANDARD  DIMENSIONS  AND  THREADS  OF  WROUGHT  PIPE. 

The  words  "  wrought  pipe  "  in  the  above  heading  to  include  wrought- 
iron  and  steel  pipe. 

The  dimensions  of  pipe  and  threads  shown  in  the  present  printed  table 
agrees  with  all  manufacturers'  list,  with  the  exception  of  the  actual  inside 
diameter  of  the  following  sizes  of  pipe : 

}^-inch  I      inch  8  inches 

^-inch  tYi  inches  9  inches 

^-inch  3      inches  10  inches 

which  are  shown  to  be  .001  of  an  inch  larger  in  diameter  than  the  manu- 
facturers' list.  We  recommend,  therefore,  that  the  list  be  reprinted,  and 
that  it  include  ii-inch  and  12-inch  pipe,  as  follows: 
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DIAMETER  OF  TUBE. 

SCREWED  ENDS. 

Thickness 

of 

Metal. 

Nominal 
Inside. 

Actual 
Inside. 

Actual 
Outside. 

Number  of 
Threads 
per  Inch. 

Length  of 
Perfect 
Screw. 

Inches. 

Inches. 

Inches. 

Inches. 

No. 

Inch. 

i 

.269 

0.405 

0.068 

27 

0.19    . 

i 

.364 

0.540 

0.088 

18 

0.29 

1 

.493 

0.675 

0.091 

18 

0.30 

i 

.622 

0.840 

0.109 

14 

0.39 

1 

.824 

1.050 

0.113 

14 

0.40 

1 

1.047 

1.315 

0.134 

lU 

0.51 

u 

1.380 

1.660 

0.140 

Hi 

0.54 

li 

1.610 

1.900 

0.145 

Hi 

0.55 

2 

2.067 

2.375 

0.154 

Hi 

0.58 

2i 

2.467 

2.876 

0.204 

8 

0.89 

3 

3.066 

3.600 

0.217 

8 

0.96 

3i 

3.648 

4.000 

0.226 

8 

1.00 

4 

4.026 

4.500 

0.237 

8 

1.05. 

4i 

4.508 

5.000 

0.246 

8 

1.10 

5 

5.045 

6.563 

0.259 

8 

1.16 

6 

6.065 

6.625 

0.280 

8 

1.26 

7 

7.023 

7.626 

0.301 

8 

1.36 

8 

7.981 

8  626 

0.322 

8 

1.46 

9 

8.937 

9.625 

0.344 

8 

1.67 

10 

10.018 

10.750 

0.366 

8 

1.68 

11 

11.000 

11.760 

0.376 

8 

1.79 

12 

12.000 

12.750 

0.375 

8 

1.90 

STANDARD  PIPE  UNIONS. 

-We  recommend  that  the  standard  for  pipe  unions,  published  on  page 
388,  be  continued  without  change. 

AXLES. 

We  recommend  that  this  item  be  changed  to  read: 

AXLES  FOR  LOCOMOTIVE  TENDERS. 

We  recommend  that  the  dimensions  of  axles  shown  in  Plate  i  be  made 
to  conform  to  the  latest  M.  C.  B.  dimensions  for  axles  of  corresponding 
capacity,  and  that  Plate  i  be  changed  accordingly,  and  the  text  of  the 
specification  and  test  prescribed  for  axles  by  the  Master  Car  Builders* 
Association  be  added. 

JOURNAL-BOX  BEARING  AND  PEDESTAL. 

We  recommend  that  the  pedestal,  which  is  for  passenger  cars  having 
3H  hy  7-inch  journals  and  shown  on  Plate  14  and  referred  to  in  first  para- 
graph under  this  item,  be  omitted  from  the  Proceedings  of  this  Associa- 
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tion,  and  that  the  journal  boxes  and  contained  parts  for  journals  3^  by  7 
to  55/2  by  10  be  made  to  conform  to  the  M.  C.  B.  standards. 

We  recommend  that  the  following  specifications  be  grouped  together: 
For  Boiler  and  Fire-box  Steel;  Locomotive  Iron  Tubes;  Locomotive 
Seamless  Cold-drawn  Steel  Tubes ;  Locomotive  Driving  and  Engine  Truck 
Axles;  Locomotive  Forgings;  Steel  Blooms  and  Billets  for  Locomotive 
Forgings;  Foundry  Pig  Iron;  Locomotive  Cylinder  Castings,  etc.;  Cast- 
iron  Car  Wheels,  and  that  the  present  specifications  for  all  but  the  last 
item  be  continued  without  change. 

For  cast-iron  wheels  we  recommend  the  designs,  specifications,  etc, 
be  the  same  as  the  standards  of  the  M.  C.  B.  Association,  and  that  the 
form  of  contract  shown  on  page  398  be  eliminated,  inasmuch  as  this  is  a 
purchasing,  or  legal  matter,  and  not  within  the  jurisdiction  of  the  Mechan- 
ical Department.  The  M.  C.  B.  specifications  do  not  call  for  a  service 
guarantee,  and  we  consider  it  advisable  to  omit  this  item  from  the  Pro- 
ceedings, especially  as  many  roads  now  have  guarantees  for  greater  mile- 
age than  shown  on  page  399. 

FITTINGS  FOR  LUBRICATORS. 

We  recommend  that  the  fittings  for  lubricators,  pages  392,  393  and  394, 
be  continued  without  change. 


RECOMMENDATIONS. 

We  recommend  that  the  recommendations  on  page  397,  relative  to 
mileage  allowance  for  engines  in  various  classes  of  service,  be  continued 
without  change. 

AIR  BRAKE  AND  TRAIN  AIR  SIGNAL  INSTRUCTIONS. 

We  recommend  that  these  instructions  be.  continued  without  change. 

GENERAL  QUESTIONS  REGARDING  THE  USE  OF  AIR  BRAKE  AND  TRAIN  AIR 

SIGNAL. 

We  recommend  that  the  questions  for  examination  be  continued  with- 
out change. 

CODE  OF  APPRENTICESHIP  RULES. 

We  recommend  that  the  code  be  continued^ without  change. 

The  committee  desires  to  recommend: 

1.  That  all  najnes  of  manufacturers  on  gauges  and  the  like  be  omitted. 

2.  That  a  committee  be  appointed  to  investigate  and  submit  tables 
showing   limits   of   pressure   within   which    wheels    for   locomotives   and 
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tenders  should  be  pressed  on  for  different  sizes  of  journals,  kinds  of 
material  in  wheel  centers  and  axles,  and  whether  wheels  have  tires  on 
or  off. 

3.  That  a  committee  be  appointed  to  recommend  a  standard  for 
safety  appliances  for  locomotives  and  tenders,  in  line  with  the  investigation 
being  made  by  the  Master  Car  Builders*  Association  for  cars. 

Respectfully  submitted, 

W.  H.  V.  Rosing, 
T.  W.  Demarest, 
C.  B.  Young, 

Committee. 


St.  Louis,  Mo.,  March  24,  1908. 


The  President  :  Gentlemen,  this  subject  is  now  before  you 
for  discussion,  and  if  there  are  any  corrections  to  be  made  they 
will  be  considered,  and  after  the  details  are  settled  it  should  then 
go  to  letter  ballot. 

Mr.  Seley  :  I  beg  to  compliment  the  committee  on  its  report, 
having  had  some  experience  in  a  similar  line  of  work.  I  have 
one  suggestion.  Would  it  not  be  better,  with  reference  to  the 
naming  of  M.  C.  B.  standards  to  state  that  the  latest  M.  C.  B. 
standards  are  intended  in  all  cases,  instead  of  specifying  the 
M.  C.  B.  Proceedings  of  1907?  I  think  that  the  standards  of  the 
blaster  Mechanics'  Association  should  conform  to  the  M.  C.  B. 
standards,  and  I  would  like  to  bring  that  point  up.  It  may  be  that 
I  am  a  little  critical  in  this,  but  I  believe  it  would  be  better  to 
express  them  as  the  latest  M.  C.  B.  standards. 

Mr.  E.  a.  Miller:  On  page  8,  standard  pipe  unions,  they 
recommend  that  the  standard  for  pipe  unions  published  on  page 
388  be  continued  without  change.  The  difficulty  that  we  find  is 
that  the  manufacturers  of  pipe  do  not  work  to  the  same  standards, 
and  we  don't  get  any  two  pipe  fittings  of  the  same  size,  and  when 
it  comes  to  repair  work,  it  brings  about  a  good  deal  of  incon- 
venience and  waste.  What  I  would  like  to  see  is  an  effort  made 
to  bring  the  pipe  men  to  standard  sizes  in  the  making  of  pipe 
fittings. 

Mr.  Gaines  :  I  want  to  call  attention  to  one  of  the  recom- 
mendations at  the  bottom  of  page  9.    I  believe  that  the  committee 
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on  this  subject  —  we  agreed  to  change  the  present  code  of  .rules 
to  the  report  of  the  Committee  on  the  Apprenticeship  System. 

The  President:    Any  further  discussion  on  this  subject? 

Mr.  Vaughan  :  Is  there  any  change  in  the  recommendation 
for  shrinkage  allowance  of  tires?  You  practically  have  adopted 
the  present  standard. 

Mr.  Rosing:  The  standard  now  is  to  allow  1-80  of  an  inch 
per  foot  for  tires  under  sixty-six  inches  and  1-60  of  an  inch  for 
all  wheel  centers  over  sixty-six  inches.  We  rather  thought  this 
to  be  a  radical  step,  so  to  speak,  and  considered  a  uniform  scale 
which  is  shown  on  the  diagram,  taking  the  dimensions  recom- 
mended for  the  smallest  wheel  and  those  for  the  largest  wheel 
and  proportioning  them  for  all  other  wheels  accordingly. 

Mr.  Vaughan  :  That  gives  you  as  many  sizes  as  you  have 
wheels. 

Mr.  Rosing:  Yes,  sir.  Inasmuch  as  those  dimensions  are 
all  expressed  in  thousandths  or  ten  thousandths  of  an  inch,  and 
we  thought  it  would  be  just  as  easy  to  make  a  gauge  to  one  figure 
as  another.  So  far  as  shop  practice  is  concerned,  it  will  be 
always  done  by  a  gauge,  and  the  mechanic  turning  the  wheels 
will  not  have  any  occasion  to  make  any  measurements  himself. 

Mr.  Sanderson:  There  are  a  number  of  distinct  recom- 
mendations on  the  part  of  the  committee  that  need  some  action 
m  the  form  of  motions.  I  would  like  to  ask  Mr.  Rosing  if  he 
would  call  them  up,  paragraph  and  page,  as  they  come  in  the 
report,  so  that  we  can  take  action  on  them  as  the  convention 
sees  fit. 

Mr.  Rosing:  I  had  in  mind  that  it  would  be  submitted  to 
letter  ballot. 

The  President:  You  understand,  Mr.  Sanderson,  the  idea 
at  present  is  to  offer  any  suggestions  or  objections  to  these  items 
as  they  appear  in  the  printed  matter  and  then  discuss  them,  if 
there  are,  and  finally  submit  the  whole  to  letter  ballot;  and  I 
would  say  in  that  connection  that  it  would  be  advisable  for  the 
secretary  of  the  committee  to  modify  some  of  the  phraseology 
there  so  that  it  will  be  comparable  with  former  reports. 
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Mr.  Rosing:  The  committee  no  doubt  would  be  glad  to 
accept  Mr.  Seley's  recommendation  and  it  was  our  view  that  in 
referring  to  any  of  the  Master  Car  Builders'  Standards,  we 
use  the  very  latest,  and  anything  that  has  occurred  at  this  con- 
vention of  the  Master  Car  Builders  should  be  embodied  in  these 
Proceedings,  instead  of  referring  to  the  1907  report. 

The  President:  Any  further  suggestions?  If  not,  a  motion 
to  refer  the  matter  to  letter  ballot  will  be  in  order. 

Mr.  Wildin  :    I  move  the  matter  be  referred  to  letter  ballot. 
Motion  seconded. 

Mr.  Sanderson:  There  are  two  recommendations  there  in 
which  they  recommend  the  appointment  of  committees.  Could 
that  be  left  to  the  Executive  Committee  without  action  ? 

The  Secretary  :    Yes ;  that  will  be  taken  care  of. 

The  President:  We  will  now  take  up  the  discussion  and 
report  of  the  Committee  on  Subjects. 

The  Secretary  here  read  the  report  of  the  Committee  on  Sub- 
jects. 

REPORT  OF  COMMITTEE  ON  SUBJECTS. 

To  the  Members: 

Your  committee,  appointed  to  suggest  subjects  for  the  noon-hour 
discussion  at  the  1908  convention,  also  subjects  for  committee  work  for 
the  1909  convention,  begs  leave  to  replort  as  follows : 

TOPICAL  DISCUSSION. 
T.    Alloy    Steel.     Results    from   use   in   machine   tools   and    special 
cutters. 

To  be  opened  by  Mr.  J.  A.  Carney. 

2.  The  Smoke  Nuisance.    What  is  best  method  of  preventing  it? 
To  be  opened  by  Mr.  H.  T.  Bentley. 

3.  Proper  and  best  method  of  caring  for  hand  lamps,  markers  and 
classification  of  lamps  on  Locomotives. 

To  be  opened  by  Mr.  D.  J.  Redding. 

4.  Use  of  non-combustible  engine  house  jacks  of  wood  or  other 
material. 

To  be  opened  by  Mr.  R.  D.  Smith. 
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5.  Standardization  of  Locomotive  parts. 
To  be  opened  by  Mr.  T.  W.  Demarest. 

6.  Advisability  of  tising  ball  joint  unions  for  air  and  steam  pipe 
connections  on  locomotives  and  tenders. 

To  be  opened  by  Mr.  C.  B.  Young. 

COMMITTEE  REPORTS. 

1.  The  organization  best  suited  to  obtain  economical  results  in  main- 
tenance of  locomotives. 

Le  Grand  Parish,  H.  D.  Taylor,  D.  J.  Redding,  A.  Forsythe,  S.  J. 
Hungerford,  H.  W.  Jacobs. 

2.  Driving  pressure  for  firebox  rivets  and  the  advantage  of  avoiding 
seams  in  locomotive  crown  sheets. 

W.  F.  Kiesel,  J.  H.  Manning,  W.  A.  Robb,  H.  H.  Maxfield,  G.  Wag- 
staff. 

3.  Use  of  plug  and  ring  gauges  for  all  important  fits. 

R.  N.  Durborow,  A.  Stewart,  L.  H.  Turner,  H.  B.  Ayres. 

4.  Ash  pits  and  ash  handling  plants;  the  best  and  most  efficient 
arrangement. 

H.  S.  Hayward,  W.  Manchester,  F.  H.  Clark,  John  Howard,  H.  M. 
Curry. 

5.  Rolled  Steel  Wheels. 

A.  S.  Vogt,  H.  Bartlett,  J.  E.  Muhlfeld,  C.  H.  Quereau,  G.  W.  Wildin. 

6.  Standard  Rules  for  Testing  Boilers  and  Stay  Bolts. 

J.  T.  Wallis,  T.  A.  Foque,  M.  E.  Wells,  M.  H.  Wickhorst,  W.  C  A 
Henry. 

7.  Standard  Limits  Governing  the  Wear  of  Locomotive  Tires,  as 
concerns  height  and  thickness  of  flange  2Uid  depth  of  channeling. 

E.  D.  Bronner,  Robt.  Quayle,  R.  K.  Reading,  C.  E.  Fuller,  J.  T. 
McGrath. 

8.  Advantages  of  water  purification  as  a  means  of  decreasing  cost 
of  locomotive  repairs  and  reducing  failures  on  the  road. 

W.  C.  Arp,  H.  Stillman,  G.  H.  Emerson,  R.  D.  Smith,  E.  B.  Thompson. 

9.  Investigation  as  to  the  most  desirable  composition  of  material 
for  locomotive  driving  wheel  tires,  arid  adoption  of  standard  grades  for 
various  classes  of  service. 

T.  W.  Demarest,  W.  R.  McKeen,  J.  A.  Carney,  W.  A.  Nettleton, 
F.  M.  Whyte,  C  B.  Dudley. 
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INDIVIDUAL  PAPERS. 

1.  Heat  Transference  of  Tubes  and  Plates. 
Prof.  Charles  Edward  Lucke,  Columbia  University. 

2.  Crane  Hooks;  Results  of  Exhaustive  Experiments  and  recom- 
mendations as  to  design. 

Prof.  Walter  Rautenstrauth,  Columbia  University. 

C.  A.  Seley     (Chairman), 

D.  F.  Crawford, 

L.  R.  POMEROY, 

Committee. 

The  Secretary  :  I  move  that  this  report  be  referred  to  the 
Executive  Committee  for  consideration  when  it  makes  up  the 
program  for  next  year. 

Motion  seconded  and  carried. 

Mr.  Henderson:  Mr.  President,  it  seems  that  there  has* 
recently  been  a  law  passed  regarding  the  type  of  ash  pan  to  be 
used  on  locomotives,  and  in  order  to  comply  with  the  new  law, 
which  I  believe  is  to  make  it  unnecessary  for  the  men  to  get 
under  the  engine,  would  it  not  be  well  for  a  committee  to 
report  on  that  subject?  I  would  like  to  move  that  that  subject 
be  added  to  the  list. 

Mr.  Wildin  :  I  don't  believe  it  would  be  of  any  use  to  appoint 
a  committee  because  we  must  have  the  ash  pans  on  before  the 
committee  can  report.  We  only  have  until  January,  1910,  to 
complete  the  work. 

Mr.  Manchester:  I  believe  it  would  be  a  wise  proposition 
for  this  convention  to  instruct  the  Executive  Committee  to  take 
up  with  the  American  Railway  Association  the  question  of  how 
far  we  should  go  into  the  matter  of  investigation  by  this  Asso- 
ciation in  accordance  with  the  proposition  suggested  by  Mr. 
Henderson.  Unless  the  American  Railway  Association  knows  of 
some  way  in  which  this  matter  may  be  handled  otherwise,  I 
believe  it  would  be  well  for  this  Association,  through  its  Executive 
Committee,  to  commence  work  as  early  as  possible  on  this 
proposition.  In  order  to  get  this  matter  before  the  convention  I 
will  second  Mr.  Henderson's  motion. 
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Mr.  Seley:  I  will  support  the  seconder  of  that  resolution 
if  he  puts  it  with  the  understanding  he  has  already  expressed  in 
regard  to  the  reference  to  the  American  Railway  Association.  I 
believe  we  must  have  the  information  and  the  way  that  the  law 
was  put  through. 

Mr.  Henderson  :  I  will  accept  that  as  an  amendment,  Mr. 
President. 

Motion  seconded  and  carried. 

The  President  :  We  will  take  up  one  of  the  topical  discus- 
sions now  which  is  entitled,  "  Standardization  of  Locomotive 
Parts,"  to  be  opened  by  Mr.  G.  R.  Henderson. 

TOPICAL  DISCUSSION  — THE  STANDARDIZATION   OF 
LOCOMOTIVE  parts! 

Mr.  G.  R.  Henderson:  Mr.  President,  the  subject  of  the 
standardization  of  equipment  is  not  very  new  in  itself.  We  have 
been  working,  and  especially  the  M.  C.  B.  Association,  on  the 
standardization  of  parts  for  cars  a  great  many  years.  But  the 
principal  object  to  be  gained  by  the  standardization  of  parts  on 
cars  was  on  account  of  the  interchangeability  of  equipment,  so 
that  repairs  to  cars  on  foreign  lines  could  be  made  quickly  with 
the  least  delay. 

When  we  come  to  the  question  of  locomotives,  the  object  to 
be  attained  is  somewhat  different.  Locomotives  are  rarely  inter- 
changed on  different  roads,  and  the  principal  points  which  we 
hope  to  gain  are  in  the  -decreased  cost  in  the  stock  we  must  carry 
for  repair  parts,  and  the  convenience  and  advantage  of  having 
only  a  few  parts.  It  goes  without  saying  that  any  road  which 
has  a  number  of  locomotives  is  bound  to  carry  parts  to  keep  the 
locomotives  in  service  and  make  necessary  repairs  promptly,  so 
that  the  principal  thing  in  connection  with  locomotive  work  is 
to  reduce  the  stock,  and  by  legitimate  means,  giving  this  careful 
thought,  a  great  deal  can  be  accomplished  in  keeping  down  the 
amount  of  store-house  stock. 

It  would  seem  at  first  glance,  that  it  would  be  impossible  to 
standardize  locomotive  parts  to  any  very  great  extent,  on  account 
of  the  different  sizes  and  types  of  engines  which  we  have  to 


Digitized  by  VjOOQIC 


285 

perform  the  work,  and  that  if  a  design  was  suitable  for  one  loco- 
motive, or  some  parts  of  a  locomotive,  that  an  engine  of  different 
size  and  different  t3rpe  could  not  use  the  same  parts  profitably, 
that  is,  if  they  were  strong  enough  for  the  engine  of  large 
cylinder  they  would  be  too  heavy  for  the  engine  with  a  small 
cylinder,  but  we  must  remember  that  there  are  many  details  to 
which  these  remarks  do  not  apply,  and  if  we  consider  such  items 
as  pilots,  headlights,  whistles,  sand  boxes  and  a  great  number  of 
other  parts,  which  are  entirely  independent  of  the  size  and  type 
of  the  engine,  we  can  see  at  once  that  we  can  do  a  great  deal  in 
the  way  of  standardizing. 

Some  roads  have  adopted  the  practice  of  introducing  one 
or  two  t3rpes  of  pilots  on  the  different  classes  of  engines.  That 
means  much  in  the  way  of  keeping  down  stock,  reducing  the  cost 
of  material,  and  the  space  occupied  by  it. 

I  was  called  upon  recently  in  connection  with  my  work  to 
arrange  for  some  locomotives  for  roads  quite  a  distance  from  the 
base  of  supplies  —  they  are  in  the  Oriental  tropics  —  and  while 
they  were  at  first  using  locomotives  with  cylinders  17  by  24, 
some  later  engines  were  built  with  cylinders  15  by  18.  It  was  a 
narrow-gauge  road.  We  found  by  going  into  the  details  that  we 
could  use  the  same  cross-heads  on  both  engines,  except  as  to  the 
piston-rod  fit,  the  smaller  engine  (cylinder)  piston  rod  requir- 
ing a  smaller  fit  in  the  cross  head,  otherwise  they  were  the  same. 
We  found  that  we  could  use  the  same  driving  box,  on  a  smaller 
axle,  by  simply  making  the  brass  a  little  thicker  so  that  it  could 
be  bored  out  for  the  small  engine,  and  carried  in  stock  that  size, 
and  if  the  box  was  needed  for  the  engine  with  the  larger  axle, 
j4-inch  diameter  greater,  we  .could  simply  rebore  the  brass  for 
the  large  size.  We  can  carry  one  driving  box  in  stock  for  both 
classes  of  engines. 

The  same  thing  applies  in  the  case  of  shoes  and  wedges  with 
same  outside  dimensions,  but  the  frames  being  different  in 
thickness  it  was  simply  a  question  of  planing  out  so  as  to  be 
suitable  for  the  greater  width  of  the  frame. 

The  locomotives  themselves  can  be  standardized  under  the 
same  arrangement.  What  I  mean  is,  that  instead  of  having  many 
types  of  locomotives  suitable  for  different  classes  of  service  I 
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think  die  best  policy  is  to  have  one  or  two  types,  and  stand  the 
criticism  of  having  a  heavy  locomotive  on  a  short  train,  which 
people  not  fully  possessed  of  the  facts  in  regard  to  the  situation, 
may  make,  and  have  the  locomotive  of  a  size  so  that  they  will 
handle  any  trains  that  they  may  be  put  on.  If  you  have  half  a 
dozen  heavy  passenger  trains,  and  have  half  a  dozen  light  pas- 
senger trains,  and  try  to  run  the  locomotives  proportional  to  each, 
some  time  you  will  get  in  a  place  where  the  light  engine  will  be 
called  upon  to  haul  a  heavy  train  and  the  light  engine  will  not 
be  able  to  perform  the  service  and  take  the  train  over  the  road. 
I  think  it  is  better  to  have  the  locomotives  heavy  enough  to  carry- 
the  heavy  service,  even  if  occasionally  they  are  used  for  the 
lighter  trains.  This  matter  must,  of  course,  be  construed  in 
relation  to  the  purchase  of  new  locomotives.  Most  railroads 
have  enough  old  locomotives  and  light  equipment,  for  them  to 
use,  and  they  must  put  them  in  the  light  trains. 

I  think  there  is  a  great  deal  to  be  said  in  relation  to  the 
matter  of  having  as  few  varieties  of  locomotives  on  a  railroad  as 
possible.  I  think  it  is  a  question  of  common  sense,  just  as  much 
as  engineering  ability,  and  while,  no  doubt,  it  is  perfectly  proper 
to  design  a  locomotive  or  any  piece  of  machinery  with  the  idea 
of  the  work  it  has  to  do,  yet  in  a  railroad  we  must  use  common 
sense  as  much  as  engineering  ability,  and  that  is  the  only  way 
we  can  keep  down  supply  parts,  and  thus  reduce  operating 
expenses  as  relates  to  the  cost  of  repairs,  and  much  economy  can 
be  secured  by  eliminating  the  necessity  for  the  maintenance  of  a 
large  stock  for  repairs. 

The  President:  There  are  some  good  suggestions  offered 
by  Mr.  Henderson,  and  I  think  the  subject  which  he  has  opened 
is  well  worthy  of  considerable  thought  and  discussion. 

Regarding  the  use  of  the  same  size  of  driving  box  for  the 
same  classes  of  engines,  within  reasonable  limits,  and  the  same 
size  driving  brass,  that  is  quite  feasible,  and  it  is  also  possible  to 
use  wedges,  with  a  little  extra  stock  in  them,  in  preference  to 
carrying  a  large  variety  of  extra  parts. 

With  reference,  however,  to  the  matter  of  using  one  or  two 
types  of  locomotives,  which  could  be  made  to  answer  all  pur- 
poses of  the  railroad,  I  am  rather  inclined  to  think  I  would  have 
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to  differ  from  Mr.  Henderson  on  that  point,  especially  in  districts 
where  there  is  a  great  variety  of  service.  I  used  to  feel  that  we 
should  confine  ourselves  to  one  or  two  classes  of  engines,  but 
experience  has  demonstrated  that  it  is  necessary  to  have  a  good 
many  classes ;  there  is  so  much  of  a  special  character  about  the 
work  that  in  some  districts  the  different  classes  of  engines  are 
required. 

Mr.  Vaughan  :  I  am  a  great  believer  in  standardizing  loco- 
motives, and  it  has  been  my  good  fortune-  to  do  it  about  the  way 
I  think  it  ought  to  be  done.  When  I  went  to  the  Canadian 
Pacific  Ry.  we  had  to  get  up  a  new  line  of  engines,  and  the  first 
engine  we  had  to  get  up  was  a  consolidation,  and  we  adopted  a 
21  by  28  cylinder,  with  57-inch  wheels. 

We  are  rather  fortunate  in  having  a  very  large  section  of  our 
road,  which  is,  of  course,  a  very  long  road,  although  the  traffic 
is  small,  with  a  fairly  uniform  bridge  limit.  We  have  for  years 
been  trying  to  get  as  uniform  a  bridge  limit  as  possible  over  cer- 
tain sections,  and  have  got  it  over  perhaps  three  thousand  miles  of 
main  line  to-day.  We  are  now  preparing  for  a  slightly  heavier 
bridge  limit,  which  is  gradually  being  worked  in  in  one  section 
after  another,  so  that  in  future  it  will  be  necessary  to  design  a 
heavier  class  of  power  which  will  work  on  our  newer  section. 

After  the  consolidation  we  worked  up  a  ten-wheeler  with  the 
same  cylinders,  and  after  that  two  types  of  Pacific  type  engines 
with  different  size  of  driving  wheels,  and  hump  switcher,  and 
we  built  some  ten-wheelers  with  fire  boxes  for  anthracite  coal, 
as  well  as  using  the  normal  fire  box  for  bituminous  coal,  and 
these  engines  are  working  from  Vancouver  down  to  St.  John, 
New  Brunswick,  the  whole  way  across  the  continent,  so  you  see 
it  is  possible  to  get  one  type  of  engine  which  will  work  in 
fairly  dissimilar  conditions.  There  are  only  two  sizes  of  engines, 
one  three  inches  higher  saddle  than  the  other,  same  rod  brasses, 
same  driving  boxes,  same  throttles,  rockers,  and  with  practically 
the  same  details  right  through  the  whole  series,  and  I  can  say 
that  it  has  been  of  the  greatest  possible  convenience  to  us  to 
know  that  we  have  a  class  of  power  such  that  we  do  not  care 
how  the  Transportation  Department  distributes  it,  we  do  not 
have   to  worry  about   sending  castings   from  one   division   to 
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another  to  fit  the  engines  that  happen  to  be  put  on  that  division, 
and  we  have  a  line  of  standard  parts  that  go  on  practically  every 
engine.  In  that  connection  I  wish  to  say  that  I  believe  thoroughly 
in  having  all  these  little  alterations  worked  out  in  a  thoroughly 
well  equipped  drawing  office. 

It  is  frequently  the  case  that  we  think  something  is  giving 
trouble  that  we  have  got  to  take  immediate  action,  and  that  we 
must  allow  our  shop  force  to  go  to  work  and  get  up  something 
new.  Well,  I  believe  if  the  thing  has  run  for  a  year  or  two,  you 
can  afford  to  let  it  run  for  another  month,  while  the  drawing- 
office  staff  can  get  out  their  drawings  and  see  what  effect  any 
proposed  modifications  will  have  on  your  future  work.  I  have 
seen  several  cases  where  an  imperfectly  considered  alteration 
has  led  us  to  a  good  deal  of  trouble.  I  have  seen  changes  made 
in  forty  or  fifty  engines,  and  then  it  was  discovered  that  with  a 
little  more  care  or  thought,  it  would  have  been  possible  to  design 
the  alteration  so  that  instead  of  having  to  redesign  it,  after 
having  made  alterations  on  some  engines,  you  could  have 
designed  it  properly  in  the  first  place  so  as  to  have  carried  it 
through  the  road  and  made  a  standard  of  it.  That  means  that 
you  must  allow  this  work  to  be  done  in  the  drawing  office.  It 
may  take  a  little  longer  to  have  this  done,  but  the  result  will  be 
more  satisfactory.  Of  course,  you  hear  the  shop  men  say  that 
they  never  get  anything  out  of  the  drawing  office,  but,  in  the 
long  run,  it  pays  to  do  the  thing  right. 

We  are,  perhaps,  singularly  fortunate  in  being  able  to  carry 
through  a  set  of  standards  like  that,  but  I  think  one  of  the 
reasons  is  we  take  a  year  to  design  a  new  engine.  While  we 
have  had  every  assistance  from  the  builders,  and  frequently 
receive  valuable  suggestions  from  them,  yet  at  the  same  time  any 
drawing  that  comes  from  the  builders  is  threshed  over  thoroughly 
while  in  our  own  drawing  office,  and  we  proceed  very  slowly  in 
making  these  modifications  and  alterations  so  that  we  are  not 
getting  a  new  and  slightly  heavier  engine  with  each  new  lot  we 
buy,  and  new  patterns  that  do  not  suit  us. 

I  believe  in  the  railroad  company  doing  its  own  locomotive 
designing  to  get  down  to  a  proper  standard,  and  endeavor  to 
lay  out  plans  for  the  future  regarding  their  locomotives.     We 
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have  been  engaged  for  the  last  year  in  getting  up  a  heavier 
engine  to  our  standards,  and  I  believe  we  shall  make  our  new 
standard  twenty  per  cent  heavier  than  the  ol<f  one,  to  take  the 
place  of  existing  power,  and  make  it  possible  to  use  such  heavier 
parts  as  we  find  it  necessary  to  introduce  through  a  new  line  of 
locomotives.    I  believe  that  is  the  proper  way  to  do  it. 

Mr.  Curtis:  If  we  could  bring  out  a  standard  locomotive, 
I  would  be  one  of  the  first  to  say  hallelujah.  I  think  all  roads 
are  endeavoring  in  their  equipment  to  bring  about  four  or  five 
diflFerent  standards  for  the  different  classes  of  service,*  but  to 
look  at  the  situation  as  it  really  is,  we  have  no  standard  service, 
or  conditions,  and  how  are  we  going  to  make  a  standard  loco- 
motive to  be  economical,  and  have  one  kind  of  locomotive  to  meet 
so  many  kinds  of  service? 

As  Mr.  Vaughan  has  said,  he  is  blessed  with  having  bridges 
of  a  uniform  strength;  other  roads  are  not  so  blessed;  the 
bridges  are  of  different  strengths,  and  the  management  demands 
the  largest  locomotives  you  can  use  over  these  bridges,  and  you 
have  to  do  the  best  you  can  with  the  weight  allowed. 

I  have  also  noticed  in  regard  to  standardizing  locomotives 
that  a  great  many  roads  endeavor  to  standardize  their  old  loco- 
motives. I  think  a  large  amount  of  this  work  is  a  mistake,  out- 
side of  standardizing  the  cylinder  cocks  and  a  few  of  the  cab 
appliances.  I  think  it  is  a  mistake  to  keep  changing  the  odd 
locomotives  to  match  the  latest  standard.  I  think  many  of  you 
have  had  the  experience  where  you  had  ten  locomotives  and 
endeavored  to  change  them  to  a  standard,  and  that  you  found 
that  there  were  four  or  five  which  were  changed,  and  the  other 
fifty  per  cent  were  never  changed,  and  they  ran  as  they  were 
until  the  day  they  went  to  the  scrap  pile,  and  instead  of  having 
ten  engines  alike,  in  that  case  you  only  had  four  or  five. 

I  hope  we  can  get  near  enough  to  a  standard  so  that  we. 
can  change  one  part  of  a  union  or  coupling  on  a  pipe  from  one 
to  another,  thus  avoiding  the  necessity  of  throwing  the  whole 
union  away  on  account  of  a  different-sized  thread  or  nut.  Our 
standards  of  the  Master  Mechanics'  Association  are  not  lived 
up  to  in  the  purchasing  department,  and  if  they  were  I  am 
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satisfied  it  would  benefit  us  a  great  deal  in  our  locomotive 
repairs. 

Mr.  G.  W.  A^est  (N.  Y.  O.  &  W.  Ry.)  :  I  think  with  Mr. 
Curtis  there  is  a  limit  to  standardizing  locomotives  from  eco- 
nomical standpoints.  I  was  Master  Mechanic  on  one  of  the 
Trunk  lines  some  years  ago  that  undertook  to  standardize  pilots 
—  the  engines  were  equipped  with  driving  wheels  44  to  72  inches 
in  diameter,  and  I  venture  to  say  that  the  experiment  of  standard- 
izing those  pilots  cost  more  than  they  would  have  saved  by  the 
change,  in  the  life  of  the  railroad,  and  they  had  pilots  which 
looked  as  if  they  had  picked  them  up  along  the  road  and  used 
as  a  makeshift. 

Mr.  Wildin  :  In  regard  to  this  matter  of .  standardizing 
locomotives,  I  do  not  think  it  is  necessary  to  throw  away  a  part 
of  a  locomotive  which  is  in  good  condition  simply  to  apply  the 
new  part  to  make  the  locomotive  standard;  but  when  you  have 
to  renew  the  part,  I  do  not  %Be  why  you  should  not  put  on  the  , 

standard.     The  man  who  does  the  work  of  standardizing  your 
equipment,  and  expects  every  time  an  engine  comes  into  the 
shop,  to  apply  new  parts  to  make  the  engine  standard,  where 
these  parts  are  not  really  worn  out,  will  make  the  cost  of  stand- 
ardization very  high.    Of  course,  when, he  is  compelled  to  renew  ' 
a  part  it  should  be  done  with  a  standard  design,  and  if  the 
changes  are  worked  out  in  the  drawing-room,  as  was  suggested  I 
by  Mr.  Vaughan,  the  expense  to  the  company  is  npt  any  con-  1 
siderable  amount.    I  know  that  pilots  can  be  standardized  from  ' 
experience.    We  have  a  standard  pilot  on  the  New  Haven  road 
to-day  and  we  have  driving  wheels  from  79  inches  down  to  47  \ 
inches.  I 

Mr.  Gaines  :    I  think  Mr.  West  has  hit  the  matter  right.     I  j 

do  not  think  we  ought  to  attempt  to  take  a  lot  of  old  engines  I 

and  try  to  standardize  them.     Yet,  take  as  an  instance,  a  case  | 

where  we  have  got  to  apply  driving  boxes  to  these  engines,  if  at 
the  same  time  we  can  apply  the  standard  brass,  standard  eccen- 
tric, or  standard  eccentric  strap,  we  are  money  ahead,  because 
on  most  of  the  roads,  you  have  some  shop  where  you  are  attempt- 
ing at  least  to  manufacture  some  of  these  standard  parts,  and 
doing  it  by  gauges  and  jigs,  and  trying  to  do  it  economically, 
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and  the  more  of  this  standard  material  we  can  manufacture  at 
one  place  and  utilize  all  over  the  road,  the  better  it  will  be  and 
the  cheaper  we  can  get  our  output.  While  we  do  not  want  to 
throw  away  any  good  material,  yet  when  an  engine  comes  in 
for  repairs  to  certain  parts,  I  think  it  is  policy  to  apply  the 
latest  standard  parts  which  are  ordinarily  used  in  conjunction 
with  the  new  part  applied.  Thaf  is  good  in  another  way.  Take 
the  question  of  eccentrics  and  eccentric  straps,  probably  ninety 
per  cent  of  the  old  equipment  was  made  of  cast  iron,  and  in 
passenger  service  particularly,  the  cast-iron  eccentric  strap  is 
liable  to  give  trouble.  On  our  newer  power,  we  put  on  something 
heavier  and  better  and  you  get  the  advantage  of  stronger 
material. 

The  President:  Mr.  Flory,  will  you  kindly  explain  some- 
thing of  what  the  practice  is  on  the  Central  of  New  Jersey  in 
regard  to  making  one  standard  go  as  far  as  possible? 

Mr.  Flory  :  On  the  Central  R.  R.  of  New  Jersey  we  have 
established  standards  for  almost  every  part  of  the  locomotive 
that  can  be  standardized,  driving  box,  eccentrics,  eccentric  straps, 
and  a  large  number  of  other  things.  It  is  our  practice  to  put 
on  standard  parts  when  the  other  parts  require  renewing,  either 
at  the  main  shops  or  at  the  repair  points.  There  have  been  some 
cases  where  the  parts  have  been  of  weak  design,  and  we  have 
renewed  them  and  put  on  standard  parts,  in  some  cases  where 
the  old  parts  were  not  worn  out.  That  is,  I  think,  very  important, 
and  I  believe  it  is  good  practice  to  put  on  the  standard  parts 
whenever  occasion  requires. 

Mr.  JpHN  A.  PiLCHER  (N.  &  W.  Ry.)  :  The  railroad  with 
which  I  am  connected  has  been  engaged  for  something  like 
fifteen  years  in  doing  the  very  work  which  is  under  consideration 
now,  that  of  standardizing  locomotive  parts,  and  it  is  surprising 
to  what  extent  it  can  be  carried,  provided  each  individual  item 
is  thoroughly  studied  in  the  drawing-roofn  before  the  standard 
is  made. 

As  to  the  question  of  driving  boxes.  With  the  exception  of 
a  very  few  old  locomotives  we  have,  probably  only  two  types  of 
locomotive  driving  boxes  to  cover  the  whole  road.  As  to  the 
question  of  pilots  —  there  is  only  one  pilot  in  use  covering  the 


Digitized  by  VjOOQIC 


292 

whole  road,  while  the  driving  wheels  on  the  locomotives  vary 
from  about  forty-five  inches  to  about  eighty  inches  in  diameter. 
This  pilot  has  been  in  use  for  eight  or  nine  years. 

The  procedure  is  to  notify  in  regard  to  the  adoption  of  the 
standard,  and  to  authorize  the  change  whenever  the  part  has  to 
be  repaired,  not  throwing  away  any  parts  that  are  good  for 
service,  but  changing  to  the  new  standard  when  the  parts  have 
to  be  renewed.  This  practice  has  been  carried  out  in  connection 
with  boiler  fittings,  cylinder  cocks,  cross  heads,  and  various  other 
parts  of  locomotives,  and  has  resulted  in  a  large  reduction  of 
stock  necessary  to  be  carried  in  the  Store  Department. 

Mr.  Vaughan  has  very  forcibly  pointed  out  the  evil  of  allow- 
ing the  shops  at  various  points  to  make  changes  without  author- 
ity. We  have  also  had  some  experience  in  this  line ;  changes 
are  made  without  any  record  being  kept,  and  when  later  on  it  is 
necessary  to  know  the  exact  construction  of  some  detail  it 
becomes  necessary  to  send  some  one  a  long  distance  to  make  the 
necessary  measurements  and  get  the  needed  information.  This 
IS  because  some  one  has  made  a  change  without  authority  and 
without  keeping  a  record. 

One  of  the  Master  Mechanics  of  our  road  spoke  to  me  here 
this  morning  about  a  certain  shop  foreman  who  undertook  to 
settle  for  himself  the  amount  of  shrinkage  for  a  driving-wheel 
tire,  disregarding  the  standard  the  road  had  been  using  for  a 
■  number  of  years,  and  which  had  proven  to  be  very  satisfactory. 
The  Master  Mechanic  was  very  much  upset  by  the  procedure. 
Mr.  Henderson  was  with  this  road  when  this  particular  standard 
was  established,  and  it  has  not  been  changed  in  any  manner 
since  it  was  originally  established,  showing  that  if  proper  con- 
sideration is  given  to  such  matters  at  the  proper  time  the  design 
made  becomes  permanent,  and  the  work  satisfactory,  eliminating 
the  necessity  of  bringfing  it  under  consideration  the  second  time. 

Mr.  Seley:  I  thjnk  there  is  no  limit  to  which  standardiza- 
tion can  be  carried  with  benefit,  with  horse-sense  methods  in  the 
drawing  office  and  on  the  road,,  and  I  thoroughly  endorse  the 
remarks  of  the  First  Vice-President  and  Mr.  Pilcher. 

There  is  one  point  that  has  been  brought  to  my  attention  by 
the   manufacturers,   particularly   of   locomotive   specialties,  and 


Digitized  by  VjOOQIC 


293 

that  is,  that  they  are  required  by  different  roads  to  carry  almost 
a  different  standard  of  their  apparatus  for  each  road,  in  the  way 
of  fastenings  and  attachments  and  connections  for  the  locomo- 
tive. A  very  largely-decreased  cost  in  these  plants  in  the  matter 
of  saving  on  bills  for  supplies  and  stock  carried  could  be  brought 
about  if  standards  could  be  more  generally  adopted. 

Mr.  E.  a.  Miller  :  It  is,  no  doubt,  desired  by  those  in  charge 
of  motive  power  equipment  to  maintain  standards,  so  far  as 
possible;  however,  the  locomotive  has  undergone  many  changes 
in  the  last  few  years,  and  will  undoubtedly  undergo  many  more 
changes  before  the  highest  efficiency  is  attained. 

The  locomotive  is  expected  to  haul  larger  tonnage  per  train, 
the  boiler  pressure  has  been  increased,  Walschart  valve  gear, 
superheaters  and  many  other  changes,  affecting  practically  the 
entire  detail  of  the  locomotive,  are  being  made,  so  that  it  may  be 
good  judgment  to  depart  from  standards  of  last  year,  for  some- 
thing new  and  better  for  this  year.  The  man  is  fortunate  who 
is  sufficiently  wise  and  capable  of  the  management  of  motive 
power  affairs  to  be  able  to  depart  from  old  standards,  when  in 
so  doing  the  efficiency  and  economy  of  the  locomotive  is  the  result. 

The  President:     Is  there  any  further  discussion  on  this 
question?    If  not,  we' will  ask  Mr.  Henderson  to  close  the  dis- 
cussion. 
ft 

Mr.  Henderson  :    I  do  not  believe  there  is  much  to  be  said 

in  conclusion.  I  think  the  remarks  which  have  been  made  by 
the  gentlemen  here  have  been  along  the  same  lines  as  my  sug- 
gestions, and  I  do  not  think  there  are  any  special  comments  to 
be  made. 

On  motion  the  discussion  was  closed. 

The  President:  We  will  take  up  the  next  topical  subject. 
No.  2,  "  The  Advisability  of  Using  Ball  Joint  Unions  for  Air 
and  Steam  Pipe  Connections  on  Locomotives  and  Tenders,"  to  be 
opened  by  Mr.  C.  B.  Young. 
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TOPICAL  DISCUSSION  — USE  OF   BALL  JOINT  UNIONS  FOR 
AIR  AND  STEAM  PIPE  CONNECTIONS  ON  LOCOMO- 
TIVES AND  TENDERS. 

Mr.  C.  B.  Young  (M.  E.,  C.  B.  &  Q.  R.  R.)  :  Ball  joints  in 
the  air  and  steam  piping  of  locomotives  are  advisable  both  from  a 
service  and  an  economy  standpoint.  A  joint  with  a  flat  gasket 
of  rubber,  or  composition  containing  rubber,  is  liable  to  leak, 
owing  to  the  vulcanization  of  the  rubber  when  subjected  to  heat 
in  steam  pipes,  or  it  becomes  softened  by  the  oil  in  air  pipes  and 
leaks  soon  develop  through  the  joint.  With  ball  joints  made 
with  metal  against  metal  these  troubles  are  entirely  overcome. 
With  a  flat  joint  a  gasket  has  to  be  kept  in  place  while  the 
coupling  is  being  made,  and  occasionally  this  gasket  doubles  up 
or  falls  out  without  being  noticed.  In  a  difficult  place  one  man 
can  not  manage  to  hold  a  light,  see  that  the  gasket  is  in  place 
and  make  a  coupling. 

A  ball  joint  does  not  have  these  troubles;  as  there  is  no 
gasket  to  put  in,  it  is  more  easily  applied  than  a  flat  joint,  and 
in  case  the  piping  is  not  perfectly  in  line,  a  ball  joint  can  easily 
be  put  together  when  it  would  be  exceedingly  difficult  to  connect 
up  a  flat  joint  or  to  make  it  steam  or  air  tight. 

There  are  a  number  of  ball  joints  on  the  market,  several  of 
which  are  satisfactory.  These  are  of  two  styles;  those  with  the 
brass  seat  loosely  fitted,  and  consequently  likely  to  be  lost  out, 
and  those  which  have  it  permanently  secured  or  formed  from 
one  piece  of  the  joint.  For  joints  which  are  seldom  broken  the 
former  is  satisfactory,  but  for  joints  which  are  frequently  broken, 
a  ball  joint  with  permanent  seat  should  be  selected.  One  of  the 
most  troublesome  joints  on  an  engine  is  the  flat  gasket  joint  in 
the  air-pump  discharge  pipe  next  to  the  pump.  Owing  to  the 
high  temperature  this  gasket  soon  gives  out.  Something  more 
than  a  year  ago  we  fitted  up  some  air  pumps  with  ball  joints  at 
this  point  and  have  not  had  a  leak  or  a  case  of  repairs  since  the 
change  was  made. 

A  number  of  different  designs  of  ball  joints  have  been 
developed  for  connections  between  engine  and  tender  in  place  of 
rubber  hose  for  steam  and  air  lines.  Some  of  these  have  been 
found  very  satisfactory-  and  economical.    I  have  no  hesitation  in 
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recommending  the  use  of  ball  joints  throughout  in  the  piping 
system  of  engine  and  tenders. 

The  President:  GentlemAi,  the  subject  is  now  before  you 
for  discussion.  I  think  it  is  important  enough  to  receive  some 
attention. 

Mr.  Curtis  :  I  want  to  support  what  Mr.  Young  has  said  in 
regard  to  metal  joints.  I  think  the  time  has  gone  by  for  any 
composition  joint  to  be  used  in  any  union  or  coupling  on  locomo- 
tives, and  I  hope  to  see  the  day  when  the  manufacturers  of  those 
ball  joints  will  endeavor  to  get  together  on  a  standard  whereby 
we  may  have  some  interchangeability  of  at  least  the  contour  of 
the  joint  and  not  make  it  necessary  when  one  part  is  damaged  to 
throw  the  whole  joint  away  in  order  to  get  a  new  or  a  satis- 
factory coupling. 

Mr.  Gaines:  I  would  like  to  ask  Mr.  Young  whether  he 
would  recommend  the  ball  joint  having  the  two  brass  surfaces 
together  or  the  one  with  the  brass  and  iron. 

Mr.  Young:  Answering  Mr.  Gaines,  I  would  say  that  it 
seems  to  me  that  the  ball  joint  with  the  brass  seat  —  one  brass 
seat,  is  sufficient  and  answers  every  purpose. 

The  President  :  Any  further  discussion,  gentlemen  ? 
Mr.  Sinclair  :  I  move  that  the  discussion  be  closed. 
Motion  seconded  and  carried. 

The  President  :  We  will  go  back  to  the  discussion  of  the 
report  on  Balanced  Compounds.  Mr.  Nelson,  I  believe,  is  the 
chairman  of  the  committee. 

Mr.  Nelson  presented  the  report  as  follows : 


REPORT  OF  THE  COMMITTEE  ON  VARIOUS  DESIGNS  OF 
FOUR-CYLINDER  COMPOUND  LOCOMOTIVES  IN  SER- 
VICE AND  RESULTS  THAT  HAVE  BEEN  OBTAINED 
FROM  THEIR  USE. 

To  the  Members: 

Your  committee  was  instructed  to  report  on  the  various  designs  of 
balanced  compounds  in  service,  and  the  results  that  have  been  obtained 
from  their  use. 
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It  was  understood  from  the  wording,  that  the  committee  might  com- 
pare various  designs  of  balanced  compounds  with  each  other,  as  well  sd 
with  simple  cylinder  locomotives.  Your  committee  found  it  impracticablf 
at  present  to  secure  sufficient  data  obtained  from  the  use  of  each  ind 
vidual  design  o£  balanced  compound  for  this  purpose.  Most  desig 
have  been  in  use  but  a  limited  time  in  this  country,  and  it  was,  thereforj 
decided  to  confine  the  investigation  to  a  comparison  between  balanc 
compotmds  as  a  general  type,  and  simple  cylinder  locomotives. 

There  are  two  natural  divisions  imder  which  this  subject  can 
discussed : 

1.  The  comparative  ^economy  based  on  fuel  consumed  per  unit 
work  done  at  the  drawbar. 

2.  The  comparative  cost  of  maintenance. 
Reliable  data  under  these  two  headings,  and  compared  on  the  sa] 

basis,  should  tell  the  ultimate  economy. 

There  are,  of  course,  claims  made  that  a  four-cylinder  balan^ 
compound  is  less  destructive  on  track  than  a  two-cylinder  locomotj 
but  it  is  very  difficult  to  measure  this  in  costs  so  that  it  will  not 
considered  in  this  discussion. 

The  comparative  fuel  used  should  be  based  on  records  from  n 
service,  but  your  committee  has  not  been  able  to  secure  such  data  in  % 
ficient  quantity  to  draw  conclusions. 

The  cost  of  maintenance  involves  many  items,  and  your  comml 
very  carefully  prepared  a  blank  covering  this  phase  of  the  subject, 
the  railroads  having  four-cylinder  balanced  compounds  and  simple  cylii 
locomotives  were  asked  to  prepare  the  information  on  a  uniform  bai 
Apparently  costs  and  records  are  kept  in  different  ways,  and  the  data! 
far  from  satisfactory.  | 

Concerning,  however,  the  matter  as  referred  to  in  the  first  geneq 
division  mentioned  above,  namely,  the  comparative  cost  of  fuel  for  a  u^ 
of  work  at  the  draw  bar,  there  are  at  hand  valuable  results  of  the  te^ 
on  the  Pennsylvania  Railroad  Testing  Plant  at  the  Louisiana  Purch 
Exposition  in  St.  Louis,  in  1904,  of  four-cylinder  balanced  compoi 
locomotives. 

Tests  more  recently  made  on  the  same  plant  at  Altoona,  with 
cylinder  simple  locomotives,  fairly  comparative  in  height  and  generi 
dimensions  with  those  tested  in  St.  Louis,  are  now  for  the  first  tim 
available. 

A  committee  of  the  American  Railway  Master  Mechanics'  Associatia 
cooperated  with  the  Pennsylvania  Railroad  in  these  earlier  tests,  an 
they  are  the  subject  of  a  report  made  to  the  Association  in  1906.  1 


THE  LOCOMOTIVES  TESTED. 


There  were  four  balanced  compounds  tested  at  St.  Louis.  Of  thes^ 
two  were  of  the  lighter  class  and  one  of  them  had  a  superheater.  Thesq 
two  will  be  omitted  from  the  comparisons. 
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The  Atchison,  Topeka  &  Santa  Fe  locomotive  No.  535,  and  the  New 
York  Central  &  Hudson  River  R.  R.  locomotive  No.  3000,  however,  were 
of  about  equal  weight,  and  in  this  respect  resemble  the  two  simple  cylinder 
locomotives  recently  tested  on  the  Altoona  Plant.  The.  attached  Table 
No.  I  shows  the  principal  features.  P.  R.  R.  locomotive  No.  5266  was 
tested,  using  coal  from  the  same  mines  as  that  furnished  for  the  535  and 
3000  at  St.  Louis.  Locomotive  No.  3162  was  tested  with  gas  or  high 
volatile  coal.  , 

It  is  now  possible,  therefore,  for  the  first  time,  to  make  comparisons 
of  two  four-cylinder  balanced  compound  and  two  two-cylinder  simple 
locomotives,  operated  under  testing  plant  conditions. 

These  four  locomotives  differed  in  minor  particulars  apart  from  their 
simple  or  compound  cylinders,  but  as  already  stated,  they  were  of  about 
the  same  weight  and  tractive  force. 

The  two  two-cylinder  simple  locomotives  are  shown  in  outline  on 
Figs.  912  and  11 12,  and  their  leading  dimensions  are  given  in  Tables  Nos. 
2  and  3.  No.  5266  has  balanced  double  ported  valves  and  the  Stephenson 
valve  gear,  while  No.  3162  has  piston  valves  apd  the  Walschaerts  valve 
gear.    Figs.  612  and  812  are  reproduced  from  the  record -of  St.  Louis  tests. 

As  these  locomotives  group  themselves  by  results  of  tests  very  clearly 
according  to  their  simple  or  compound  cylinders,  and  as  their  boilers 
gave  very  similar  efficiencies,  as  shown  on  Fig.  i,  there  is  no  inconsistency 
in  comparing  them  directly  on  the  basis  of  cylinder  performance. 


.1.  ^  p\ 


Fig.  912. —  Elevation,  Simple  Locomotive  No.  5266. 
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Fig.  II  t2. —  Elevation,  Simple  Locomotive  No.  3162. 

The  two  balanced  compound  locomotives  and  their  tests  have  been 
very  fully  described  in  the  published  report  of  the  St.  Louis  tests  entitled 
"  Locomotive  Test  and  Exhibits,"  St.  Louis,  1904. 

The  results  of  test  made  at  Altoona  with  the  simple  two-cylinder 
locomotives  are  shown  in  Tables  Nos.  4,  5,  6  and  7.  The  cylinder  per- 
formance is  plotted  in  Figs.  2,  3,  4  and  5. 
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TABLE  No.  I. 
ShowiKg  General  Dimensions  of  Locomotives. 


Locomotive  Number. 

535 

3000 

5266 

3162 

Railroad  CJompany 

A.  T.  <k  S.  F. 

N.Y.C&H.R. 

P.  R.R. 

P.  R.R. 

Simple  or  Compound  . 

Compound. 

Compound. 

Simple. 

Simple. 

Total  weight  in  work- 

ing order,  lbs 

201,500 

200,000 

184,167 

184,933 

Weight  on  drivers, 
working  order,  lbs. . 

99,200 

110,000 

110,001 

121,867 

Cylinders,  diameter 
and  stroke,  inches. . 

16x25x26 

15^x26x26 

20ix26 

20ix26 

Diameter    of    driving 
wheels,  inches 

79 

79 

80 

80 

Firebox  heating    sur- 
face, square  feet  . . . 

220.3 

202.83 

156.86 

162.61 

Heating  surface  of 
tubes  (waterside), 
square  feet 

3016.71 

3265.27 

2471.04 

2483.91 

Total  heating   surface 
(water  side  of  tubes), 
square  feet 

3237.01 

3458.1 

2627.90 

2646.52 

Total  heating  surface 
(fire  side  of  tubes), 
square  feet 

2902.06 

306M9 

2319.26 

2336.03 

Grate  area,  square  feet 

48.36 

49.90 

65.5 

56.0 

Boiler     pressure,    lbs. 
per  square  inch 

220 

220 

205 

205 

Valves,  type 

Piston. 
Stephenson. 

Piston. 
Stephenson. 

Slide. 
Stephenson. 

Piston. 

Valves  gear,  type  .... 

Walsohaerts. 

Firebox,  t3rpe 

Wagon  Top, 
Wide. 

Wagon  Top, 
Wide. 

Belpaire, 
Wide. 

Bd^e. 

Number  of  tubes 

273 

390 

315 

315 

Outside  diameter  of 

tubes,  inches 

2i 

2 

2 

2 

Length  of  tubes,  inches 

225.14 

191.29 

180 

180 
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Pennsylvanu  Railroad  Compamy 


LOCOMOTIVE:  _^__  __      ^ 

NUMBCn&Z^^        AVKRAOC    RCSULTS   OF   LOOOMOTIVK  TKStS 

SUBJECT !iJPOBWynyt  T^%T>  with  ac^i^  u>v»u  co^w  ALTOOm,  P^^r  J A-OT 


THrHo«.r3Q&  10923 


llMife 


_ftp 


>^ 


TMMUM  WMOL* 


T«W  Wlwrf  IM* *9A* 


CruMDCnt 

Diwi.  m4  «r*^  H  P  to.»  X  -**- 

•      •      -      LP.      ■  — 


R  QCNT.  or  ^l»TON 


H.  P.  RifM,  Htad  M        .  ".^-tT 
•     Cn^  •    .»*•«- 

I  I  ♦ 


T|pifr\w*f  ■•liw 

OWIATMT  VMJK  TMML 


Lm(*  BihMw  TnU 

Ttlil  Fira  Mta.  •«.  ft »?■?■♦ 


HCHTWS  W^pVCtii 


Of  *•  Tika.  «Mv  «•.*♦•'  «- ®4- 


2»|«.1« 


T«H8m4n  ' 


ttVnkm  mi 


orto« 

IHm     •    ••    • \09.^ 

ESMMMT  NOZaX 

%M,  MM_BMhM. ^•11- 


N.P.Mri«r«rM4«rC«Blv        ^■- 
L  P.  IMdM  rarawtf  vT  C«M» TT- 


fiiali  Aim  (MS)  *'^* 

.0* 


Hr*  Aim  Tba  T«te  «nt) 

1»iSniaAr«n4S) 
FWbwHMlli«8<iHki(15f) 

UQimhm(m) 
TnU  NMliH  S««k«  (155) 

to  Fb«  B«   Itarti-f 

05»)  l^T"* 


ZA« 


Table  2. —  Simple  Locomotive  No.  5266. 
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M.  f.  SMA, 


r»« 


Pennsylvania  Railroad  Company 

LOCOMOTIVE :  ■         -^.-..^^  m^. —  .  — .--, ^^  ^ 

TYPE  ^-A"B 

classJL2p  

KUMBERSlGa  AVCIIAQC    RCSULT^    OF    LOCOMOTfVe   TCSTS        »-*«T  incw.  uo».,.h.  ,„«.„»i 

SUBJECT;  LQCOMOTWe.     TC»TS    WIYM    O/k^  COAl-  ALTOONA.  PA..   I -f^~oe 


TKSX    OKRA«*-riWIKN^ 


Tt»TlilO«.,lll*Ton^3 


Piston  Roos.  Oiambtcm 

•  HIAOM  8UIVACC. 

t 

n,mtm«th\n.                         2 

INCHES 

SgUARCFlCT 

> 

AiiraK.  Dianwtw.bKhrt               OO 

T4 

H%ii  PresMrt                 d.^.T'^ 

164 

orthoTiib«>,i%teSido  24«3.ei 

Enohk  Tmkk  WhKCLS       , 

T0 

lorn        -                      r  . 

166 

•  •     •    rw    •    2.\f^.^z, 

14 

TAH.  ROOS.  DuilETfB, 

160 

•  •  nroUi.   -      -         l&*.Al 

10 

TfUtUM  WHULt 

INCHCS 

16T 
•160 

T0 

Hl^fnmn                      — _ 

TolsI.Bsoedoii  -      '      2&5&.03 

!• 

OiuHtar,  iochM                          eo 

•0 

Lm        -                          

100 

•               •           ■       a            • 

whcsl  BA«K.  fbct 

Valvcs 

of  Firaboi  tsd 

IT 

<M*;.s  WM  Bm                .T-^a 

02 

Typ*                        »»»«!T»»^.  . 

WslsrSidoorTabooJS*4«^BS 

» 

T«talWliMlB««                   30.-r% 

03 

BOILCR  VOilMIK 

10 

(UcfOfWlMll                                 »>'» 

04 

ParC«iitBal«Mad                  !<>• 

WCI»4T  or  ENOINC  WITH  WATCN 

00 

Type  of  VaK«  Motion  v»^u*cha«t» 

OPaOOAOtOOOR 

Wotor  S(Mco.  CO.  ft.              330.4. 

AT  ao.  OAOC  OOCK  AMO  NOfUML 

QnCATIST  VALVC  TMVKL 

160 

rmt.  POUMOS  . 

00 

High  PNOMfo.  incb«             ^•JtL. 

101 

St—   -              .    J  1  e.». 

ao 

0>TnKii                  32e:&3 

00 

Low        •         •                 : 

Exhaust  Nozztt 

at 

•iiiwi^rt               ai4.oo 

«TBAM   LAP  or  VALVK 

1*2 

0«i«o  or  Siogif »'.^l«*«-!t 

ta 

-»    -                      «0^*7 

0O 

H%<iPr«Mi%.ioch««               i.«* 

100 

Sin.  iMiiHjtjAn                »-7»_ 

•4 

00 

loa 

■  XMAUSr   LAP  OF  VALVt 

loV 

A«i.H  isdm %»»2_ 

*9 

ntVtRSKLIVIR 

94. 

High  ProuNr%  InehMNaftATivs,   .»! 

100 

100 

H.P.No(di«ororw»dorCo>l»          IS. 

as 

»0 

-  Tfiaw    30«»5 

\Mm         '          ' „.    — 

LP.NotdmFonnrdofCoslor.         

87 

TebJ                         1 64-e%3 

BOlLeN 

fUTMO 

a0 

-    0.  Dri««^           1  i  »  e»7 

113 

T|po  Blwi^^i^oL^w.'oc  Pins.— H 

ITl 

HoMiogSurfrcsUSnio 

CVUMDCnt 

114 

■Oirtiid.  Oiam.  Ut  Riog              *T  _ 

Srslo  Ans  «H5)     .        ^TL.^A- 

DiMk  Md  Str«hB,  N.  P  2aB  x  Za 

Tubcs 

1T2 

Firo  Am  Thni  ToiM  illQ) 

•       •       -      LP 

tis 

Nifflibor                                3  IB 

to  Grate  Am  (145)                     lO 

etcowAweg  m  few  ctirr.  or  ntron 

t10 

Outoido  Dhn.,  incho*                     2. 

ira 

Firoboi  Hosting  SwfaeodM) 

TiJch                   "               &*2S 

to  Grate  Ans  (MS)                ^^4- 

40 

N.  P.  Riglil.  H«d  C«d            l».B. 

110 

Lo«gtli  BotMOo  T«b^ 

1T4 

Tobo  Hoatiog  SoHks  (fSS) 

41 

-        "     Cf«4  •              l^'SL 

Sboola.  imJM          *«M.-7& 

to  Firo  B«i  HosliH 

4a 

•     Lift.    H«Ml    ■             i.^J_ 

no 

ToUl  Fin  Aros.  n-  fL           &2<^ 

8«fic.(l56)             .„    »3  37 

40 

•       •      Cr.li   •               •  »•• 

124 

Boaiw  PNMort.  poHi           -2«»- 

44 

LP.BKkt.HMd     •               — -T_ 

SUPUHCATOI 

• 

40 

"       •     CrM*    •               r—r_ 

120 

NmboroTToiM.                    

40 

•    UH.  Mttd     -                   

120 

0i4iido0(o«.'  i*dm               

4T 

"       •     CrMk    -             J -_ 

Rtccncn,  CU0IC  fcet 

120 

FlKBOX.  IKSIOK,  MCHCS 

40 

YrfMtfficMSld* 

122 

Unglh                            II4..24. 

40 

•     W»    '                  — ^:l 

192 

WJdA..                           <i7.*« 

.  8TCAM  POtrrt,  INCHCS 

12T 

AJrlohntoAdllMi.. 

SO 

H.  P.  AMNiom  L«iig*_.J*5.ft^ 

H.  ft.                          -4^4.7 

01 

rid*         2.o^ 

QRATCS 

00 

LP.       •          LMgUi           — — 

144 

Tjfp«Ji9&K»r<«4,  riiMaKR 

00 

•       •        Widih  ,        — r^ 

146 

6ntoAroo,09.  ft._             »e.5. 

00 

H.  P.  UhuM,  imgtk  »««•  _r«»"»X. 

140 

AmofDosd  GrslMft^rr.    «^o 

0T 

*                 VMb      ••          " 

TO 

LP      •      Ui|«           :rT- 

ri 

•       VUft              

Table  3. —  Simple  Locomotive  No.  3162. 
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MO: 


^ 


UXSOMOnVE: 

OLAM   ei&A 


Pennsylvania  Railroad  Company 


AvcRAac  lUsuLTS  or  Locomotivc  Tcsts 
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Fig.  I. —  Evaporation  per  Pound  of  Coal. 
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Fig.  2. —  Steam  Consumption,  Compound  and  Simple  Locomotives. 


Digitized  by  VjOOQIC 


308 


BAl-Ar>4CEO   COMPOUND    UOCOMOTlVtS. 


■^ 

^"" 

"""■ 

^^■^■"^ 

•.»5  A.T«i  aF        1    ,ia,u-Qt--o 

0-3000  NyceiKR.          ^— ^— 

_    •-  52ee  PRR.           siMPtA 

^ 

1 

1 

■ 

" 

-f 

■ 

1 

■   7 

f         '" 

y. 

r 

y 

?  ^ 

•   . 

_j 

1 

X 

r 

-ir-r^ 

'■--B-i- 

«- 

■ 

c 

^*- 

i~ 

X     * 

^ 

^r" 

JU^'^ 

a. 

►- 

pr 

p.. 

.=^: 

=  =!=  =  :*=-=  =  =  -d 

— 

-^ 

^ 

_^l 

, 

H t 

I 

i- 

a^         44>C_^B<>C»        o« 

X 

Il2 

oi 

li 

...SSL 

INDICATED  HOnSE  POWEFt 
Fig.   3,— Coal   Consumption,   Compound   and   Simple   Locomotives. 


Digitized  by  VjOOQIC 


309 


BAI-ANCeO   COMPOUND    L.OCOMOT1VES; 


^ 

r" 

^ 

■^ 

^ 

^ 

^ 

^" 

^^ 

^"^ 

""" 

^"" 

^■^ 

"■** 

^^ 

^■" 

"■" 

"■" 

""■ 

■^ 

"^^ 

-| 

D 

^ 

•»535  ACC  &  SIF 
0-3000  NYCfiiHR. 
»-52ee  PfUf. 

COMPOUND 
tSlMFUL 

Q 

•^ 

X 

V 

i: 

^ 

i 

i 

J 

f^ 

v 

' 

0. 

tr 

> 

■ 

ui 

V 

\ 

- 

*> 

> 

»L 

\ 

> 

k 

a 

K 

V 

S 

^\ 

p 

- 

^ 

\, 

\ 

% 

.f 

* 

N 

Vj 

\ 

V 

^, 

\^ 

1 

^ 

} 

K 

s 

"v 

■ 

^ 

I  \ 

► 

4 

^-» 

•^ 

A 

I 

5 

<« 

r\ 

P\ 

M  ' 

'v 

•v 

« 

n 

P 

^ 

"^ 

r- 

^ 

5 

*•* 

^^ 

' 

— 1 

? 

X 

€' 

"^ 

^" 

'" 

1 

1 

D 

»s 

o 

<r 

y 

£ 

s 

A 

r 

/ 

isf 

> 

^ 

S 

s 

1 

0 

/ 

/ 

10 

*s 

Vl 

1 

" 

r*i 

1^ 

y 

O 

V. 

*^ 

^ 

,' 

,^ 

k' 

7 

r- 

«» 

«« 

^ 

^ 

si 

Ik 

^ 

^ 

r 

g 

■ 

0 

a 

f^ 

- 

I* 

M 

i 

to 

li 

2 

K 

44 

K 

mt 

£ 

a 

k: 

lO 

X 

1 

12 

s 

L 

M 

2 

1 

s 

2 

i 

OVNAMOMETCR  HORQE  POWER 

Fig.  4. —  Steam  Consumption,  Compound  and  Simple  Locomotives. 


Digitized  by  VjOOQIC 


310 


BAL.A^4CEO   COMPOUND    l-OCOMOTIVeS . 


-y 

^ 

^ 

^" 

■^ 

■^ 

^"" 

^^^^ 

^^"" 

!>.  3000  MYCarHR.  j  ^^^^-''"^'^^ 

■»  saee  pwjr.          aimpue 

SCAUR    UEVCL-   COA.L. 

[] 

^5< 

C7ZI 

f  "t-hhlfhtil 

1 

1 

/ 

S 

>iM/'«' 

.:,.o+o4.ctr.y«|    1    J 

7 

^ 

1 

/ 

■i 

% 

• 

/ 

« 

]»'2.l 

sei 

LBktl  SIEA»i4ni^ 

<^ 

■  ■_ 

^ 

^ 

1 

!    ^oH-f  M~t»T«i  1 

—  "^ 

Jj- 

^ 

S 

c 

i-        ^ 

.    • 

1 

' 

1        • 

\ 

-^^ 

1 

2 

1 

3 

/_        ° 

n 

1 

.•^ 

■Iv' 

■a 

i 

P 

,-^^ 

T 

■a  — 

^ 

r^ 

--  " 

'• 

—  T"^ 

"1 

r" 

g 

c 

3 

1 

1 

-4  — 

. 

^: 

±i£ 

s 

>L 

Ja 

« 

_ 

O 

bd 

1 

gU 

U. 

asi aai 

OYf4AMOMe.TCR  HORSt  ^OWtR. 
Fig.   5.— Coal   Consumption,   Compound   and   Simple  Locomotives. 


Digitized  by  VjOOQIC 


311 


Ft 

j    II' 

'  '  '  1 

i  ! 

i 

1 

rr 

^ 

-^ 

—   pr=- 

— 

^ 

i 

, 

1 

1 

1 

■ 

t 

u^ic4iM 

L  -  ^ 

PCNNSVL 

NIA 

1L|?OAD  CO^P 

*'t', 

^ 

' 

1 

"'" 

"" 

,:::p^-1-' 

r  • 

■■1 

ll?C 

Tr< 

i- 
vr 

£* 

-- 

ic 

1 
rip 

^T" 

-J 

, ''!" 

I", 

,r 

,llt 

r£^ 

iirS 

i3 

,''i 

?E 

ttK^rAl 

>IM 

cii^fcJ 

•.- 

^r 

Al 

^¥ 

<4  V4-  .3 

kA/.| 

l- 

•n 

, 

'r 

-I 

^r 

■^+7 

' 

'H 

■,-wL 

:'i 

'1 

? 

• 

\   •.. 

1 

^*_L 

,-  1 

1 .  i 

,1'    - 

.-i 

r;; 

:" 



— 1 

t^ 

f*\ 

^ 

^ 

[/ 

ftJ 

Liiii 

ti'fl,^ 

If 

-y 

if 

i 

n 

,:'i 

/ 

^i 

Ki ' ' 

,'  ' 

';,: 

7' 

't  ,. 

■ 

,  ■ 

< 

1 

1  ." 

'  ; 

'  1  Ir 

':!;| 

- 

- 

\ 

/• 

n 

■  \ 

I 

'■J 

T' 

:.;:|„i: 

.    L 

, 

^ 

i 

'-• 

■    7 

w 

.1- 

i 

^ 

K 

^ 

U>«n 

>«fi 

F.l  I 

td 

C- 

—  ^' 

4M 

-aiS 

i£. 

JB 

|3« 

b 

^- 

-3( 

> 

-^ 

f 

t 

[^ 

:=S 

::; 

^ 

*"*? 

^ 

p 

K-.-: 

K^r 

?J 

».1 

1^ 

.^ 

-- 

r 

— 

i — 

i] 

— 

^ 

— 

C^ 

1     1 

^ 

_a 

U.M-, 

Ctl 

"" 

■!',-' 

. 

' 

T 

iii; 

, 

'  ■ 

■'. 

ill- 

lli! 

i  ■'' 

i;. 

k 

_^ 

^-u 

«j.^ 



Lj_ 

"^ 

_^. 

,■ 

"T 

.^ 

"trl 

^1^ 

■» 

iJi 

^4' 

-n 

T^ 

b= 

,^ 

^ 

3 

^ 

^ 

f 

ttiln 

S^ 

■  '•  ■ 

' 

- 

^ 

:i^i 

' 

'  ^ 

1 

I  ''•,: 

'':■ 

'i 

'!'j 

',   ■'' 

1- 

1 

- 

- 

L' 

^ 

ip4. 

— I- 

'    T-— ■ 

J 

j_ 

l-»- 

— , 

_^ 

^-1 

f 

*v^ 

^ 

Ivi 

lii 

ff' 

1 

r 

"^"* 

"^ 

^_ 

^' 

T— 

1 

fS 

tk 

P 

f^ 

, 

1 

^. 

"^■^  r 

■       i    ' 

^1, 

' 

' 

r 

7,  ^r 

''li 

SM 

^i 

''   ; 

•: 

, 

■'  '1,1 

i\,      . 

.11 

■i| 

'.  7< 

'ill 

ill' 

!!ll 

'1 

. 

L. 

, 

U 

ti 

_^^ 

_  ^ 

^^ 

,^^_^^ 

,*^_™ 

_. 

-T' 

_;. 

-Ji! 

— li 

E 

too 

m. 

p^ 

^^:: 

- 

--- 

-- 

• 

n 

— 

a     ■'    i 

•1       '  "1 

^ 

F^^ 

^ 

^ 

131: 

'  r 

^1. 

^ 

't* 

!Ll     ■    '1 

|| 

., 

r  ,;^ 

"■■ 

'  1 

' 

.i.  1 

1   ; 

7': 

T" 

!l  til! 

' 

t- 

;' 

_ 

iM 

jm 

je 

2AU. 

"■ 

•  r 

"i^ 

1=^ 

"*" 

^4^^ 

^^ 

■*-* 

^ 

asi 

1 

t^-mi 

I' 

U. 

f 

1 

t-r«i  -U 

, 

1' 

^ 

1 

'!,' 

i;     ' 

. 

''  a 

I 

u.. 

U 

1 

■ 

!' 

ao 

«, 

* 

h 

^^ 

--. 

p- 

^ 

<l 

1^ 

". 

fc 

jfc<*^ 

.it.. 

1  . 

'^ 

t 

! 

-  -^       J 

^ 

*Jv 

£  , 

1    '       \ 

"    , 

1      1    ' 

& 

1. .  0 

JI4 

-,..'J'^ 

•- 

, 

, 

U-- 

' 

t 

ftjf^i 

r 

—7—' 

1      ;^ 

"T 

_i 

' 

1 

, 

r  ;'" 

^r^ 

O   li. 

1 

[ 

■J 

: 

"~f 

1 

^ 

/  ,"^. 

4t  * 


Fig.   6. —  Counterbalance   Tests,   Simple   Locomotive    No.   5266. 
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Fig.    7. —  Counterbalance   Tests,    Simple   Locomotive    No.    5266. 
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COMPARISON  OF  RESULTS. 

From  Fig.  2  it  Will  be  seen  that  the  steam  per  indicated  horse-power 
of  the  compound  locomotives  tested  is  more  uniform  throughout  the  range 
of  horse-power  than  the  simple  engine.  The  greatest  difference  is  at  low 
horse-powers.  This  saving  decreases  as  the  horse-power  increases,  but 
if  the  boiler  of  the  simple  locomotive  made  it  possible  to  continue  the  test 
to  the  maximum  horse-power  attainable  with  the  compound,  there  might 
be  more  difference. 

Inasfnuch  as  the  data  of  these  tests  for  both  compound  and  simple 
locomotives  was  taken  at  various  percentages  of  cut-off  at  the  different 
speeds,  the  statement  above  as  to  relative  water  rate  and  horse-power 
may  be  considered  as  obtaining  under  general  running  conditions. 

From  an  inspection  of  Figs.  3  and  5,  where  the  performance  based  on 
indicated  and  djmamometer  horse-power  is  shown,  as  referred  to  coal, 
the  saving  of  the  compound  throughout  its  range  of  action  is  indicated, 
and  it  is  to  be  noticed  that  at  the  low  indicated  horse-powers  (Fig.  3), 
the  saving  with  the  compound  is  greater  than  at  horse-powers  of  about 
800,  and  from  Fig.  5  the  least  difference  is  shown  at  about  500  horse- 
power; horse-powers  beyond  these  figures  showing  increased  economy 
with  the  compound  locomotive. 

The  advantage  of  compounding  in  adding  to  the  capacity  of  the  loco- 
motive at  speeds  above  those  which  "hiay  be  called  starting  speeds,  is 
clearly  indicated.  A  boiler  of  the  same  heating  surface  in  a  locomotive 
equipped  with  compound  cylinders,  has  a  decided  advantage  over  one 
equipped  with  simple  cylinders,  because  the  consumption  of  steam  is  less 
with  the  compound  cylinders  for  a  given  horse-power  developed. 

It  is,  therefore,  clear  that  a  balanced  compound  locomotive,  while  more 
economical  in  steam  and  fuel  than  a  simple  locomotive,  has  also  an  in- 
creased advantage  over  the  simple  locomotive  in  capacity. 

When  ^developing  800  dynamometer  horse-power,  the  compound 
locomotive  shows  about  2.70  pounds  of  fuel  per  horse-power  hour  at  the 
drawbar,  while  the  simple  locomotive  shows  about  4.85  pounds.  This 
apparent  saving  in  the  compound  over  the  simple  locomotive  is  approxi- 
mately 44  per  cent  based  on  fuel,  and  it  varies  somewhat  with  greater  and 
less  horse-powers.  It  should  be  noted,  however,  that  this  saving  is  not 
all  due  to  the  difference  between  the  simple  and  compound  cylinders. 

Figure  i  shows  that  the  equivalent  evaporation  based  on  dry  coal 
fired  per  hour  per  square  foot  of  heating  surface,  is  apparently  the  same 
for  all  of  the  three  boilers  under  consideration.  That  is  to  say,  at  any 
given  rate  of  burning  coal  per  square  foot  of  heating  surface,  the  efficiency 
of  all  the  boilers  is  approximately  the  same.  It  is  probably  more  satis- 
factory to  estimate  the  out-put  of  the  boilers  based  on  coal  burned  per 
square  foot  of  grate,  ^nd  if  this  basis  is  chosen,  the  relation  of  the  boilers 
is  very  much  as  shown  in  Figure  i,  although  there  is  an  indication  that 
the  boilers  with  the  larger  heating  surface  are  more  economical  than  the 
boiler  with  the  smaller  heating  surface.     The  point  to  which  attention  is 


Digitized  by  VjOOQIC 


314 

especially  directed  is  that  the  efficiency  of  the  boiler  and  grate  decreases 
as  the  rate  at  which  the  coal  is  burned  increases.  Therefore,  when  the 
demand  on  the  boiler  is  less  for  the  same  horse-power  developed  in  the 
cylinders,  then  a  part  of  the  saving  shown  as  a  total  is  to  be  attributed  to 
the  better  efficiency  of  the  boiler  and  grate  at  lower  rates  of  coal  burned 
per  hour.  In  these  tests  the  same  coal  was  used,  so  that  the  character 
of  the  fuel,  which  is  an  important  element,  can  be  eliminated. 

In  tests  605  and  606  the  efficiencies  of  the  Atchison,  Topeka  &  Santa 
Fe  locomotive  No.  535  were  66.16  per  cent  and  66.99  per  cent,  the  equiva- 
lent evaporation  per  hour  being  21,128  pounds  and  24,885  pounds,  or  an 
average  of  23,016  pounds  per  hour.  In  test  904  the  efficiency  of  the  beiler 
of  locomotive  No.  5266  was  65.71  per  cent,  the  equivalent  evaporation  being 
22466  pounds  per  hour.  This  shows  that  if  the  boiler  of  locomotive  No. 
5266  had  been  equipped  with  the  cylinders  of  locomotive  No.  535,  the 
efficiency  of  the  former  as  a  whole  would  have  been  practically  the  same  as 
the  efficiency  of  locomotive  No.  535  as  tested.  This  makes  it  plain  that 
part  of  the  economy  of  the  compound  is  due  to  the  greater  efficiency  of  the 
boiler  with  compound  cylinders,  due  to  less  total  water  being  required  for 
a  given  dynamometer  horse-power.  The  saving  in  fuel  on  this  account  is 
about  18  per  cent  for  the  locomotive  with  compound  cylinders  as  com- 
pared with  the  simple  locomotive  when  both  are  developing  approximately 
800  dynamometer  horse-power.       • 

This  explanation  is  simply  analytical,  in  order  that  the  factor  of  the 
boiler  and  grate  shall  not  be  overlooked.  The  fact  still  remains,  however, 
that  with  two  boilers  of  exactly  the  same  design,  one  equipped  with  simple 
cylinders  and  the  other  with  compound  cylinders,  and  performing  the  same 
work,  that  economy  will  be  realized,  and  it  is  due  not  only  to  the 
better  cylinder  performance  with  the  compound  locomotive,  but  to  the 
fact  that  the  boiler  and  grate  are  not  called  upon  for  as  large  an  output 
where  compound  cylinders  are  used  as  where  the  simple  cylinders  are  used, 
and  considering  the  amount  of  work  to  be  performed  the  same  in  both 
cases. 

BALANCING. 

In  the  Pennsylvania  Railroad  report  of  the  St.  Louis  tests  there  are 
shown  diagrams  which  illustrate  the  perfection  of  balance  of  the  loco- 
motives, both  vertically  and  horizontally,  and  on  Figs.  6  and  7  similar 
results  are  shown  for  locomotive  No.  5266. 

It  was  made  clear  from  the  tests  of  the  four-cylinder  compounds, 
that  great  care  is  necessary  in  the  design  of  the  weight  and  location  of 
the  counterbalance  in  this  type  of  locomotive,  in  order  to  realize  all  of 
the  advantages  that  are  possible  from  this  type. 

Since  the  St.  Louis  tests,  however,  the  method  of  counterbalancing 
balanced  compounds  is  much  better  understood,  and  it  is  doubtful  if  a 
simple  locomotive  can  be  as  satisfactorily  counterbalanced.  From  the 
tests  recently  made  on  the  simple  locomotive,  Figs,  6  and  7,  it  may  be 
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possible  to  much  more  effectually  balance  a  simple  locomotive  than  has 
generally  been  thought  possible. 

Locomotive  No.  5266  was  not  observed  to  leave  the  rail  at  speeds 
as  high  as  320  revolutions  per  minute,  or  76  miles  per  hour,  and  its  criti- 
cal speed,  or  the  speed  where  severe  fore  and  aft  vibration  began,  was  as 
high  as  200  revolutions  per  minute,  or  48  miles  per  hour. 

The  method  used .  in  balancing  locomotive  No.  5266  was  to  place  in 
the  driving  wheels  weights  equivalent  to  all  of  the  revolving  and  two- 
thirds  of  the  reciprocating  weights. 

By  actual  weighing  of  these  balance  weights  in  the  wheels,  the  right 
main  wheel  was  found  to  have  17  pounds  too  much;  the  left  main  wheel 
20  pounds  too  much ;  the  right  and  left  front  wheels  were  found  to  have, 
each,  2.6  pounds  too  much,  all  these  weights  being  at  the  crank  pin  radius. 

SERVICE  DATA. 

In  regard  to  the  cost  of  maintenance  and  the  cost  of  fuel,  as  actually 
developed  in  road  trials,  or  in  regular  road  service,  your  committee  has 
been  unable  to  secure  sufficient  data  to  present  with  any  assurance  of 
covering  the  ground  in  a  satisfactory  way. 

One  of  the  difficulties  is  probably  due  to  the  fact  that  railroads  are 
not  keeping  the  cost  of  fuel  and  repairs  in  a  way  which  can  be  compared 
directly. 

Furthermore,  the  balanced  compound  locomotives  have  been  in  service 
for  but  a  few  years,  and  probably  not  long  enough  to  determine  satis- 
factorily the  cost  of  maintenance,  as  compared  with  the  simple  locomotives. 
In  an  effort  to  secure  this  information,  however,  your  committee 
sent  statements  covering  the  information  desired  to  the  heads  of,  the 
mechanical  departments  of  fifteen  roads.  These  were  selected  as  they  had 
in  service  both  compound  and  simple  locomotives  of  the  same  types. 
Eight  replies  were  received  up  to  the  time  of  preparing  this  report,  of 
which  five  gave  information  more  or  less  complete.  The  items  asked 
for  are  given  below,  and  these  were  desired  for  each  of  several  periods, 
covering  the  service  of  the  locomotive  between  general  repairs. 
The  general  heading  was : 

I.     Locomotive  No 

Class  

Compound  or  simple 

Date  built 

Name  of  builder 

Service 

Weight  of  train 

Number  of  stops 

Average  speed  between  terminals 

Runs   made   between. and 

Distance  between  terminals   
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This  statement  can  be  compared  with  the  one  covering  locomotive 
No 

The  details  with  comments  on  the  information  collected  are  given 
below,  more  for  their  value  as  a  suggested  analysis  than  for  the  actual 
information  contained.  Comment  is  made  where  the  information  sug- 
gests it. 

2.  Total  mileage. 

3.  Total  car  mileage. 

4.  Total  ton  mileage. 

5.  Average  cars  per  train. 

6.  Total  coal  used. 

7.  Coal  per  car  mile,  pounds. 

8.  ^  Coal  per  gross  ton  mile,  pounds. 

9.  Cost  of  coal  per  1,000  car  miles. 

10.  Cost  of  coal  per  1,000  gross  ton  miles. 

11.  Total  cost  of  running  repairs  (a)  boiler;    (b)  machinery. 

12.  Total  cost  of  general  repairs  (a)  boiler;    (b)  machinery. 

The  items  Nos.  11  to  15,  inclusive,  were  intended  to  separate  boiler 
and  machinery  repairs,  but  the  information  sent  did  not  divide  it  under 
these  sub-headings.    The  only  item  generally  given  is  No.  15. 

13.  Cost  per  100  miles  running   repairs    (a)    boiler;     (b)    machinery. 

14.  Cost  per  100  miles  general  repairs   (a)   boiler;    (b)   machinery. 
The   cost  is  separated  under   these  two  items  by  one  road  for  two  . 

4-4-2  compounds,  but  no  comparison  is  given  for  simple  locomotives. 
Another  gives  these  for  one  compound,  and  the  average  for  47  simple  loco 
motives. 

15.  Cost  per  100  miles  for  all  repairs  (a)  boiler;    (b)  machinery. 
This  is  given  in  all  cases  but  one.    It  varies  from  $1.44  to  $10.10  for 

simple  locomotives,  and  from  $2.60  to  $13.40  for  compounds.  On  one  road 
the  cost  given  for  one  simple  locomotive  is  57  per  cent  greater  than  the 
cost  of  the  other,  these  being  the  only  two  included.  For  two  compounds 
on  the  same  road,  one  costs  70  per  cent  more  for  repairs  than  the  other. 
Even  averaging  these  would  be  unfair  as  forming  a  basis  for  conclusions. 
Another  road  shows  two  simple  locomotives  with  superheater  com- 
pared with  two  compounds  without,  all  four  being  of  about  the  same 
weight  and  capacity.  The  cost  per  100  miles  averaged  is  $1.49  for  the 
simple  and  $2.60  for  the  compounds.  These  figures  must  include  only 
a  portion  of  the  costs  and  can  not  be  considered  as  comparative. 

16.  Grease  or  oil  lubrication  of  machinery,  excluding  cylinders. 

17.  Cost  for  all  lubricants,  including  cylinders. 

18.  Cost  per  100  miles  for  all  lubricants. 

19.  Total  cost  of  coal,  lubricants  and  repairs. 

20.  Cost  for  coal,  lubricants  and  repairs,  per  1,000  car  miles. 

21.  Cost  for  coal,  lubricants  and  repairs,  per  1,000  ton  miles. 

No  data  on  these  items  were  received,  except  from  one  road,  giving 
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the  cost  under  item  i8,  but  as  only  one  compound  is  included,  it  is  not 
safe  to  form  any  conclusion. 

22.  Number  of  end  frames  broken. 

23.  Number  of  main  frames  broken. 

24.  Number  of  cracked  or  broken  cylinders. 

The  data  is  so  extremely  limited  that  it  is  considered  of  no  value. 

25.  Mileage  between  resetting  flues. 

The  information  is  limited,  and  as  the  basis  for  life  of  flues  varies 
on  different  roads,  this  data  is  of  little  value. 

26.  Life  of  fire  box,  years. 
No  comparisons  are  given. 

27.  Mileage  between  turning  of  tires. 
No  comparisons  of  value. 

28.  Average  days  out  of  service  per  year,  on  account  of  repairs. 
No  information  given  that  throws  any  light  on  the  subject. 

The  following  note  appeared*  at  the  end  of  the  statement  sent  to  the 
railroads : 

29.  Note. —  Ton  miles  are  to  be  considered  gross  tons  of  2,000  pounds, 
<jr,  in  other  words,  the  locomotive  to  be  given  credit  for  hauling  the  tons 
of  empty  cars  as  well  as  tons  of  loaded  cars,  in  freight  service. 

If  grease  lubricant  is  used  in  driving  boxes  and  rods,  or  driving 
boxes  only,  the  material  used  for  machinery  should  be  stated  as  "  grease." 
If  oil  is  used  for  driving  boxes  and  grease  for  rods,  the  lubricant  used 
should  be  stated  as  "  oil." 

It  is  desired  to  have  the  figures  for  gross  ton-miles  in  freight  ser- 
vice, if  possible,  but  in  any  case,  it  is  assumed  that  the  figures  including 
car-miles,  can  be  given.  In  case  of  the  latter,  two  empty  cars  are  to  be 
considered  as  one  loaded  car.  In  passenger  service  the  tons  weight  of 
train  should  be  given  without  allowance  for  weight  of  passengers. 

Comparisons  between  simple  and  compound  locomotives  are  to  be 
given  for  the  same  character  of  service,  and  over  the  same  portions  of 
road  and  between  the  same  points,  traffic  in  both  directions  to  be  taken. 

CONCLUSIONS. 

It  has  been  shown  that  in  the  foregoing  that  with  the  use  of  balanced 
compound  locomotives  a  very  considerable  saving  in  fuel  and  water  for 
the  same  work  done,  may  be  accomplished.  It  is  equally  clear  from  the 
discussion  that  the  capacity  of  the  locomotive  with  compound  cylinders 
is  increased. 

The  figures  which  have  been  given  for  fuel  and  water  are,  it  is  true, 
obtained  on  the  locomotive  testing  plant  where  the  conditions  of  running 
are  uniform,  and  in  road  service  the  relative  economy  will  undoubtedly 
be  somewhat  changed. 

The  testing  plant  does  not  give  any  figures  on  the  cost  of  maintenance, 
and  your  committee,  being  unable  to  secure  any  data  on  this  subject,  is 
unable  to  give  conclusions  in  regard  to  the  ultimate  economy. 
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Your  committee,  however,  is  impressed  with  the  possible  saving 
in  regular  service  of  balanced  compound  locomotives,  and  this  would 
undoubtedly  be  realized  with  other  types  of  compounds,  but  as  the  results 
in  actual  service  are  those  which  must  finally  be  depended  upon  for  ulti- 
mate economy,  your  committee  would  recommend  to  the  members  of  the 
Association  a  careful  record  of  performance,  in  order  to  determine  how 
far  the  economy  in  fuel  and  water  can  be  realized,  when  all  factors  are 
considered. 

The  analysis  already  given  and  prepared  for  the  purpose  of  deter- 
mining the  question  of  costs  of  maintenance,  as  well  as  the  comparative 
cost  of  fuel,  apparently  covers  the  points  involved  sufficiently,  but  as 
already  stated,  your  committee  could  not  secure  this  data  covering  a 
sufficient  number  of  compound  and  simple  locomotives  to  draw  definite 
conclusions. 

Some  action  of  the  Association,  which  will  secure  the  cooperation 
of  railroads  in  preparing  information  on  this  basis  for  the  next  conven- 
tion, might  produce  valuable  comparisons.  It  is  necessary  to  have  these 
records  of  performance  covering  the  period  from  the  time  the  locomotive 
was  built  and  placed  in  service  up  to  and  including  the  most  recent  data 
concerning  its  performance. 

This  would  involve  probably  considerable  work  in  going  over  old 
records,  but  if  some  satisfactory  conclusions  could  be  reached  in  regard 
to  this  matter  on  the  basis  of  ultimate  economy,  a  decided  step  forward 
would  be  gained  in  railroad  operation. 

Respectfully  submitted, 

E.  D.  Nelson,  Chairman, 
John  Howard, 
S.  M.  Vauclain, 

A.   Lo\'ELL, 

J.  F.  Graham, 

Committee. 
Altoona,  Pa.,  May  28,  1908. 

The  President  :  This  matter  is  nov^  before  you  for  discus- 
sion. 

Mr.  Nelson  :  I  think  we  all  agree  that  the  most  satisfactory 
basis  on  which  to  measure  the  fuel  consumption  is  the  actual 
work  done  or  the  drawbar  horse-power.  Now,  it  has  been 
stated  in  the  report,  as  taken  from  the  plot,  on  page  15,  that  with 
the  compounds  this  amounted  to  about  forty-four  per  cent  at 
eight  hundred  horse-power,  but  there  is  one  variable  that  we  find 
on  a  locomotive-testing  plant,  and  that  is  the  friction  of  the 
locomotive,  and  probably  it  would  be  interesting  to  note  for  a 
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minute  the  economy  in  water  and  coal  based  on  indicated  horse- 
power. That  is  to  say,  on  page  12  the  steam  per  indicated 
horse-power  shows  at  800  horse-power  about  twenty-four  per 
cent  less  for  the  compound,  and  on  page  13,  the  coal  consumption 
per  indicated  horse-power  shows  in  favor  of  the  compound  about 
thirty-six  per  cent.  In  some  ways  it  is  more  satisfactory  to 
compare  coal  consumption  on  indicated  horse-power  than  it  is 
on  dynamometer  horse-power. 

Mr.  Henderson:  I  do  not  know  whether  the  chairman  of 
this  committee  can  answer  the  question  or  not,  but  it  occurs  to 
me  that  some  years  ago  it  was  found  necessary  in  running  large 
compounds  down  hill  to  use  a  certain  amount  of  steam  on  account 
of  the  back  pressure,  and  I  would  like  to  know  whether  the 
committee  has  any  information  regarding  these  balanced  com- 
pounds, whether  they  are  in  the  same  category,  that  is,  whether 
it  is  necessary  to  use  steam  running  down  hill? 

Mr.  Nelson  :  The  committee  has  had  no  information  on  the 
point  raised  by  Mr.  Henderson. 

The  President:  We  would  be  pleased  to  hear  from  Mr. 
Vauclain  on  this  subject. 

Mr.  Vauclain  :  Mr.  President,  the  discussion  of  the  report 
on  Compound  Locomotives  carries  one  back  several  years  to 
the  old  days  when  we  had  J.  N.  Barr  with  us ;  D.  L.  Barnes, 
J.  N.  Lauder,  George  Gibbs  and  some  more,  many  of  whom 
have  gone  from  us  never  more  to  return.  In  those  days, 
the  discussion  of  a  paper  on  Compound  Locomotives  brought 
master  mechanics  and  superintendents  of  motive  power  from 
every  point  of  the  United.  States  to  hear  what  was  going  to  be 
said,  because  it  was  certain  there  would  be  many  positive  opinions 
expressed;  some  for  and  some  against  the  use  of  compound 
locomotives,  and  the  advocates  of  the  various  types  would  be 
there  to  assure  every  master  mechanic  who  might  be  present  that 
the  particular  type  of  compound  which  he  represented  was  the 
compound  and  was  the  one  which  ultimately  would  be  the 
standard  locomotive  of  the  future.  The  report  to-day  on  Com- 
pound Locomotives  seems  to  be  more  in  mcmoriam  than  anything 
else,  but  I  am  very  glad  that  we  have  had  the  opportunity  of 


Digitized  by  VjOOQIC 


320 

making  a  rqx)rt  such  as  this  on  Balanced  Compound  Locomo- 
tives. The  credit  for  this  report  is  due  mainly  to  Mr.  Nelson, 
of  the  Pennsylvania  Road.  Speaking  for  myself,  I  have  done 
very  little  toward  compiling  it,  feeling  it  was  far  better  for  me 
to  keep  quiet  than  to  have  any  voice,  that  is  to  have  a  voice  to 
any  extent  in  the  preparation  of  the  data  which  might  be  pre- 
sented to  you.  I  was  especially  desirous,  however,  of  having  a 
little  to  say  this  morning  in  connection  with  this  report.  I  think 
this  report  fully  justifies  the  opinion  of  every  advocate  of  com- 
pound locomotives  who  has  appeared  on  this  floor  for  the  past 
fifteen  years.  I  am  quite  sure  that  it  fully  justifies  the  use  of 
all  compound  locomotives,  of  any  type  whatsoever,  that  may  be 
in  use  at  the  present  time,  and  it  further  justifies  the  adherence 
of  those  who  are  now  using  compound  locomotives,  and  who  stick 
to  them  tenaciously,  and  will  not  give  them  up  for  what  we  now 
think  are  going  to  be  the  locomotives  of  the  future,  namely,  those 
locomotive^  using  superheated  steam. 

If  you  will  go  over  the  report  carefully,  and  consider  merely 
the  matter  of  coal  and  steam  consumption,  you  will  find  a  few 
very  conclusive  figures.  The  steam  consumption  per  indicated 
horse-power,  as  mentioned  by  Mr.  Nelson  at  about  eight  hundred 
horse-power,  shows  a  percentage  of  saving  of  twenty-four  per 
cent.  It  will  also  be  noticed  'that  the  faster  the  compound  engine 
is  operated  the  lower  this  percentage  of  steam  economy  will  be. 
That  is  what  has  been  proven  in  actual  service  every  day  since 
we  commenced  to  use  compound  locomotives,  and  has  always 
been  the  claim  of  every  reputable  builder  of  compound  engines. 
The  percentage  of  saving  per  dynametric  horse-power  is  also 
in  accordance  with  the  steam  consumption  per  indicated  horse- 
power, and  at  the  mean  power  of  800  horse-power  shows  only 
25.5  per  cent.  Referring  to  the  matter  of  coal  consumption  you 
will  find  that  we  have  percentages  of  economy  per  indicated 
horse-power  ranging  from  38  to  as  high  as  54.10  per  cent. 
These  percentages  of  coal  economy  have  been  taken  off  a  stand- 
ard apparatus,  where  every  appliance  we  know  has  been  made 
use  of  to  get  a  careful  and  accurate  record,  and  these  figures 
fully  justify  what  was  considered  many  times  in  these  meetings, 
that  those  who  came  here  and  claimed  a  fuel  economy  of  forty 
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or  forty-five  per  cent  for  compound  locomotives  in  actual  service 
were  not  incorrect  in  their  statements.  These  figures  proved  that 
that  percentage  was  correct.  In  those  times  any  one  who  came 
before  the  convention  and  talked  about  saving  thirty  to  forty  per 
cent  of  coal  was  looked  upon  with  some  amusement,  and,  I  will 
say,  considerable  doubt  as  to  the  accuracy  of  his  figures.  If  we 
go  a  little  farther,  to  fhe  coal  per  dynametric  horse-power,  we 
will  see  that  the  same  figures  are  borne  out  practically  here, 
namely,  39.6  up  to  50.5  per  cent,  which  was  the  range  of  a  single- 
expansion  engine.  Unfortunately,  in  these  tests,  the  single- 
expansion  engine  was  not  capable  of  being  carried  to  the  same 
high  horse-power  that  was  obtained  from  the  compound  locomo- 
tives. This  is  not  entirely  due  to  the  fact  that  one  engine  had 
compound  cylinders  on  and  the  other  had  not,  but  the  Pennsyl- 
vania single-expansion  locomotives  were  handicapped  by  not 
having  as  much  heating  surface  as  the  boilers  of  the  compound 
locomotives  had.  So  far  as  the  Santa  Fe  locomotive  is  concerned, 
they  had  about  twenty  per  cent  less,  but  there  is  a  difference, 
under  maximum  conditions  of  fifty  per  cent  in  round  figures,  in 
these  two  engines,  twenty  per  cent  of  which  might  fairly  be 
attributed  to  the  fact  that  the  one  engine  did  not  possess  so  much 
heating  surface. 

When  figures  are  presented  to  you,  which  show  that  a  single- 
expansion  locomotive  has  as  its  limit  of  horse-power  about  1,000 
and  that  compound  locomotives  of  practically  the  same  weight 
can  be  carried  to  1,600  horse-power,  it  proves  conclusively  that 
not  only  have  compound  locomotives  been  economical  from  the 
time  economy  was  claimed  for  them,  but  that  boiler  capacity  must 
be  considered,  as  it  has  been  considered  in  the  past,  in  relation 
to  single-expansion  locomotives. 

These  figures,  gentlemen,  explain  why  reports  have  been  pre- 
sented to  you  from  time  to  time,  which  clearly  showed  that 
Atlantic  type  balanced  compounds  were  capable  of  hauling  the 
same  trains  that  Pacific  type  single-expansion  locomotives  hauled, 
and  making  better  time  with  them,  or  that  they  were  capable  of 
hauling  much  heavier  trains  than  a  single-expansion  Pacific  type 
locomotive  could  haul,  and  make  the  same  schedule  time.  This' 
was  due  merely  to  their  having  an  increased  amount  of  heating 
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surface  in  their  boiler,  plus  the  economy  that  could  be  shown  by 
compounding  cylinders,  over  single-expansion  cylinders. 

It  gives  me  more  comfort  than  any  of  you  gentlemen  here 
present  can  imagine  to  go  over  the  figures  in  this  report.  I  have 
read  them  over  and  over  and  have  complimented  Mr.  Nelson  on 
the  effectiveness  and  thoroughness  of  his  work,  and  upon  the 
straightforward  manner  in  which  these' figures  have  been  pre- 
sented at  the  convention,  and  while  I  believe  there  will  not  be 
so  very  many  compound  locomotives  built  in  the  future, —  I  think 
that  balanced  compound  and  Mallet  compounds  will  still  continue 
to  be  built, —  but  that  the  superheater  locomotive  will,  perhaps, 
take  the  place  of  the  majority  of  locomotives  in  railroad  service. 

The  President  :  We  would  like  to  hear  from  some  of  those 
gentlemen  who  come  in  direct  contact  with  the  balanced  com- 
pound locomotive.  Is  Mr.  MacBain,  of  the  Michigan  Central 
R.  R.,  here? 

Mr.  D.  R.  MacBain  (Michigan  Central  R.  R.)  :  We  have 
not  had  any  experience  with  the  balanced  compound  on  the 
Michigan  Central.  Our  experience  has  been  confined  entirely  to 
the  two-cylinder  cross-compound  freight  engine. 

Mr.  Clark:  We  have  twenty  balanced  compound  locomo- 
tives, the  first  of  which  went  into  service  about  four  years  ago. 
Most  of  them  have  built  up  crank  axles,  and  all  of  them  had 
the  outside  cylinders  connected  by  main  rods  to  the  rear  driving 
axle.  The  results  of  service  have  been  on  the  whole  very  satis- 
factory. We  think  that  the  locomotives  take  a  little  more  time 
in  the  roundhouse  than  the  simple  engines,  but  we  seem  to  have 
time  to  do  this,  and  as  a  consequence  the  engines  make  good 
mileage,  and  make  their  mileage  with  very  few  road  failures. 

I  was  somewhat  surprised  that  the  committee  did  not  make 
more  of  a  certain  feature  of  the  balanced  compound  locomotive, 
which  I  think  is  an  important  thing  with  that  type  of  locomotive, 
and  that  is  the  effect  on  the  track.  We  found  that  it  was  pos- 
sible to  balance  these  locomotives  in  such  way  that  the  disturb- 
ance to  the  track  was  very  much  less  than  with  a  simple  locomo- 
tive of  the  same  type  properly  counterbalanced  and  of  less  total 
weight.  The  weight  on  drivers  of  the  two  classes  of  locomotives, 
compared,  show,   I  think,   for  the  balanced  compounds,  about 
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twenty  per  cent  more,  yet  flie  disturbance  and  the  effect  on 
bridges  were  considerably  less  than  in  the  case  of  the  simple 
locomotive. 

The  President:  Is  there  any  other  gentleman  who  has 
information. on  this  subject? 

Mr.  Forsyth  :  I  will  discuss  the  report  briefly  with  respect 
to  fuel  economy. 

The  committee  has  stated  one  important  conclusion  here  in 
regard  to  fuel  economy,  which  is,  that  when  developing  800 
drawbar  horse-power  the  compound  uses  2.7  pounds  of  fuel  per 
drawbar  horse-power  and  the  simple  4.85,  a  diflference  of  44  per 
cent.  This  is  the  prominent  conclusion  relating  to  the  economy 
of  the  balanced  compound  locomotive.  Now  that  is  obtained 
when  developing  800  horse-power,  but  it  should  be  remembered 
that  the  four-cylinder  compound  is  primarily  and  essentially  a 
high-speed  locomotive.  It  was  developed  for  that  purpose  in 
France,  and  is  running  there  on  most  of  the  State  roads  in  high- 
speed service,  and  has  been  used  in  this  country  in  high-speed 
service. 

Mr.  Vauclain's  locomotive,  the  first  four-cylinder  unbalanced 
compound,  made  a  remarkable  record  here  between  Atlantic  City 
and  Camden  for  high  speed,  but  there  has  been  little  said  about 
the  economy  of  those  engines  at  that  high  speed.  If  you  will 
look  at  the  curves  in  this  report,  you  will  find  that  on  pages  14 
and  15,  that  when  you  get  up  to  1,200  and  1,400,  and  1,600 
horse-power,  the  curve  rises  quite  rapidly,  and  begins  to  approach 
the  economy  of  the  simple  engine. 

Now,  if  you  will  refer  to  the  report  which  was  made  to  this 
Association  in  1906,  and  note  the  figures  showing  the  eflfect  of 
speed  on  the  fuel  economy  of  locomotives,  you  will  find  that  on 
the  New  York  Central  balanced  compound  it  was  2.75  pounds 
at  18  miles,  4.5  at  56  miles,  and  4.65  at  75  miles.  There  are 
conditions  there  where  the  fuel  consumption  is  doubled  by 
increase  in  speed  so  that  the  criticism  I  would  make  of  the  com- 
mittee's report  is  that  this  important  element  of  speed  should 
have  been  considered  when  they  draw  any  conclusions  in  regard 
to  fuel  economy. 

A  very  interesting  point  in  regard  to  four-cylinder  compound 
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locomotives  is  mentioned  by  the  committee,  and  that  is,  the 
increased  capacity,  increased  horse-power  obtained,  and  I  think 
the  reason  of  that  is  because  you  can  work  more  steam  per 
minute  through  the  cylinders  than  you  can  through  simple 
cylinders,  because  you  have  such  a  large  port  area.  Regardless 
of  the  economy  you  get  an  increased  capacity  for  the  same  size 
engine,  and  for  that  reason  I  am  surprised  that  Mr.  Vauclain  is 
ready  to  give  up  the  compound  type  in  favor  of  the  superheater 
engine,  because  while  the  moderate  superheating  may  slightly 
increase  the  economy,  it  will  not  add  as  much  to  the  capacity  of 
the  locomotive  as  the  four  cylinders.  There  are  places,  I  should 
think,  where  it  is  important  to  get  heavy  high-speed  trains  over 
the  road,  regardless  of  fuel  economy,  and  that  is  the  place  where 
a  four-cylinder  compound  ought  to  be  a  desirable  machine. 

Mr.  C.  a.  Seley:  I  want  to  take  issue  with  one  of  the 
statements  of  the  last  speaker,  in  that  the  superheater  engine 
does  not  have  a  greater  power  than  a  non-superheater  engine 
for  the  same  size  cylinder.  It  has  been  very  conclusively  demon- 
strated by  the  use  of  superheater  engines,  that  even  though  by 
reason  of,  poor  coal  and  an  imperfect  superheat,  resulting  in  a 
considerable  decrease  of  normal  boiler  pressure,  yet  these  super- 
heating engines  can  take  the  train  over  the  road  at  a  speed 
which  is  marvelous.  I  think  Mr.  Vauclain  has  a  very  good  basis 
for  his  preference  for  the  superheater  engine,  for  a  number  of 
classes  of  service. 

Mr.  Vauclain  :  If  I  may  be'  permitted,  I  would  like  to  add 
a  few  words. 

Mr.  Forsyth  said  he  regretted  I  was  willing  to  give  up  the 
balanced  compound  for  a  superheater  engine.  I  do  not  give  up 
anything.  I  am  not  built  that  way.  If  you  will  refer  to  this 
report,  I  think  that  you  will  find  that  some  of  the  things  which 
Mr.  Forsyth  mentioned  have  been  considered.  For  instance,  on 
page  12,  Fig.  2  in  the  comparison  of  the  steam  consumption 
between  the  compound  and  simple  locomotives,  you  will  notice 
that  the  steam  consumption  of  the  single-expansion  locomotive, 
and  the  compound  locomotive,  do  approach  each  other  at  the 
same  speed,  but  not  the  same  horse-power.    On  the  next  page,  13, 
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the  diagram  showing  the  coal  consumption  between  compound 
and  single-expansion  locomotives,  the  diagram  is  exactly  the 
counterpart  of  what  has.  been  presented  to  this  convention  years 
and  years  ago,  taken  from  actually  indicated  diagrams  between 
compound  and  simple  locomotives,  indicating  their  economy,  and 
you  will  notice  in  the  single-expansion  engine,  the  ris6  is  even 
more  rapid  with  the  simple  engine  than  with  the  compound  when 
doing  their  duty.  This  is  due  to  the  increased  exertion  on  the 
part  of  the  boiler.  You  have  got  to  burn  considerably  more 
coal  on  the  same  number  of  square  feet  of  grate  surface,  and  you 
have  got  to  get  an  additional  amount  of  steam  out  of  the  same 
square  feet  of  heating  surface. 

It  is  true  that  compound  locomotives  are  capable  of  hauling 
greater  trains  at  high  speeds  than  single-expansion  locomotives, 
and  for  that  reason  many  railroads  are  holding  on  to  that  class 
of  power  for  that  service ;  but  I-  am  absolutely  convinced  from 
my  experience  of  the  past  few  years  that  superheater  locomotives 
possess  that  faculty  .to  about  the  same  extent,  if  not  a  greater 
extent;  than  the  compound  locomotives.  I  am  not  willing  to-day 
to  say  that  they  do  possess  it  to  greater  extent,  but  I  think  that 
they  do  to  the  same  extent.  That  has  been  clearly  demonstrated 
by  the  change  of  compound  locomotives  where  the  cylinders  have 
become  damaged,  to  superheat  locomotives.  We  get  practically 
the  same  efficiency,  we  get  the  same  fuel  economy,  we  do  the 
same  service,  and  we  find  another  thing  —  that  the  compound 
locomotive  shows  its  greatest  economy  over  the  superheater 
engine  at  the  lower  speeds,  whereas  at  the  higher  speeds,  where 
high  horse-powers  are  given  off,  we  get  the.  highest  efficiency 
from  the  superheater  locomotive. 

Mr.  Seley:  I  am  very  sorry  we  have  not  our  friend  Dean 
Goss  present  to-day.  I  recall  a  personal  remark  made  by  him 
that  across  the  water  they  compared  the  superheater  engines  with 
the  compound,  and  not  with  the  simple  engine.  They  are  not  in 
the  same  class. 

Mr.  Sanderson  :  In  connection  with  what  the  last  speakers 
have  said,  about  the  use  of  the  simple  superheat  engines,  I 
reviewed  a  lot  of  indicator  cards  taken  from  engines  of  that 
kind  recently,  and  in  plotting  the  average  mean  eflfective  pres- 
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sures,  I  found  they  showed  a  remarkably  high  average  mean 
effective  pressure  throughout  the  stroke,  more  than  I  expected 
to  find  and  more  than  I  believe  is  common  with  the  simple 
engines.  It  is  natural  it  should  be  so,  if  you  stop  and  consider  it, 
and  therein  lies  the  increase  in  power  developed  by  the  engine 
for  the  same  speeds  and  cut-offs. 

Mr.  Manchester:  Referring  to  Mr.  Vauclain's  remarks 
about  the  good  old  days  of  the  compound  discussion  I  want  to 
say  that  so  far  as  the  road  with  which  I  am  connected  is  con- 
cerned, they  are  there  to-day,  and  are  doing  all  that  was  claimed 
for  those  engines  in  the  good  old  days,  and  it  is  now  common 
practice  and  history  with  us,  so  we  do  not  do  much  talking 
about  it.  I  have  had  our  neighbors  ask  me  frequently  if  we  were 
taking  the  compound  cylinders  off  our  engines.  I  naturally  had 
to  answer  them  that  we  were  not,  and  not  only  that,  but  that  we 
were  adding  in  some  instances,  to  the  number  of  compound 
engines  we  had  for  special  service. 

I  was  not  able  to  give  the  committee  very  much  information 
on  the  subject  which  they  presented  which  was  in  reference  to 
the  balanced  compound  engines,  as  the  balanced  compound 
engines  which  we  have,  had  been  in  service  such  a  short  time  that 
no  great  amount  of  data  about  them  was  available.  The  infor- 
mation that  I  do  have  relative  to  the  riding  qualities  of  the 
balanced  compound  engine  are  all  favorable  to  the  engine,  but  so 
far  as  any  other  features  are  concerned,  I  am  unable  to  discover 
that  there  is  any  advantage  in  the  balanced  compound  engine  that 
are  not  carried  along  with  the  four  cylinder  compound  engine  of 
the  same  size. 

As  to  the  greater  power  exerted  by  the  compound  engine,  as 
is  claimed  in  the  paper,  we  had  a  very  vivid  and  practical  illustra- 
tion of  that.  In  the  diagramming  of  our  locomotives,  we  allow 
each  locomotive  a  percentage.  In  a  certain  passenger  service  in 
our  lines,  engines  which  were  classed  as  one  hundred  and  eighteen 
per  cent  engines  were  not  able  to  perform  the  work.  They  were 
simple  engines.  We  put  ninety  per  cent  engines  of  the  compoimd 
type  there,  and  they  have  held  that  service  up  and  given  good 
results. 

Mr.  Nelson  :    May  I  say  a  word  in  closing?    This  report,  if 
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it  has  any  value,  presents  to  the  Association  comparative  figures 
on  compound  and  simple  Atlantic  type  locomotives  as  found  on 
a  testing  plant.  Many  people  consider  these  laboratory  figures, 
and  in  a  sense  they  are ;  but  you  all  understand  how  a  locomotive 
is  run,  and  the  only  practical  difference  between  the  testing-plant 
condition  and  the  road  condition  is  that  we  can  run  without  varia- 
tion in  speed  and  without  upsetting  the  fire  and  matters  of  that 
*kind  which  often  occur  in  road  trials.  Now,  if  this  report  is 
worth  while  it  is  simply  in  this:  that  it  calls  attention  to  the 
possibility  of  a  very  considerable  saving  in  compounds.  Mr. 
Vauclain  has  referred  to  the  report  as  being  in  memoriant,  and 
that  is  probably  due  to  the  general  feeling  that  compound  locomo- 
tives have  not  gotten  into  service  in  as  large  numbers  as  would 
apparently  be  warranted  by  such  figures  as  those  presented  in 
this  report.  I  think  there  are  certain  reasons  why  this  is  true. 
In  the  first  place  the  handling  of  compounds  is  a  different  matter 
on  the  road  and  in  the  shop,  as  compared  with  more  familiar 
types;  and,  all  these  things  represent  opposition  to  any  new 
design.  Furthermore  in  the  last  few  years  we  have  had  before 
us  the  question  of  the  superheater  locomotive  and  it  has  appealed 
to  many  railroad  men  as  a  similar  proposition.  It  is  simply  going 
to  be  a  survival  of  the  fittest ;  and,  in  the  next  two  or  three  years 
I  believe  that  we  are  going  to  settle  on  some  type  which  will 
supplant  the  simple  locomotive  using  saturated  steam. 

Mr.  DeVoy:  There  are  two  statements  made  by,  perhaps, 
the  greatest  living  American  authority  on  compound  locomo- 
tives, that  even  though  it  is  the  biggest  thing  that  I  am  about  to 
tackle,  I  feel  as  he  did  a  few  moments  ago,  that  I  am  not  at  all 
afraid.  In  reading  a  paper  before  the  Western  Railroad  Club 
some  three  years  ago,  and  after  very  thoroughly  testing  the  four- 
cylinder  compounds  as  against  the  simple  locomotives,  I  per- 
fectly satisfied  myself  that  the  friends  of  the  compound  had  done 
it  more  harm  than  all  other  people  put  together.  And,  now  to 
go  back  to  my  point.  Mr.  Vauclain  made  the  statement  yesterday 
that  a  Mallet  compound  would  do  a  horse-power  on  twenty 
pounds  of  dry  steam  per  hour.  I  do  not  believe  a  locomotive  has 
ever  been  built  or  ever  will  be  built  that  will  do  it.  In  the  tests 
that  we  have  made  —  and  they  were  careful  —  they  were  not 
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made  wholly  by  the  engineering  department  of  the  St.  Paul 
Road,  but  the  University  of  Wisconsin  was  called  in  in  order  to 
verify  and  determine  that  the  results  were  correct.  Twenty-five 
pounds  of  steam  per  horse-power  is  the  best  that  we  could  get  in 
regular  average  railroad  service,  and  that  statement  will  do  the 
Mallet  compound  more  harm,  perhaps,  than  it  will  do  it  good,  to 
say  that  any  such  economies  will  be  obtained. 

I  have  underlined  a  little  portion  of  this  report  which  I  will ' 
read :  "  This  saving  of  the  compound  over  the  simple  locomo- 
tive is  shown  to  be  about  forty- four  per  cent."  Why,  there  would 
not  be  a  simple  locomotive  on  the  American  railroads  to-day; 
and  I  want  to  say  one  thing,  and  I  challenge  any  man,  ther^ 
never  was  a  time  when  a  balance  compound  locomotive  was  an 
absolute  necessity  on  any  road.  A  compound  locomotive  will 
save,  generally,  from  eighteen  to  twenty-five  per  cent  in  fuel 
under  all  conditions.  In  determining  the  results  between  a  class 
of  simple  engines  and  a  class  of  compound  locomotives  in  nearly 
the  same  service,  it  was  found  there  was  about  twenty-one  per 
cent  fuel  economy  in  one  over  the  other,  and  that  in  the  cost  of 
repairs  in  one  year  the  simple  engine  beat  the  compound  $285.17 
t)er  year  in  money-saving,  taking  the  cost  of  repairs  as  against 
the  fuel  economies.  There  are  certain  conditions  and  certain 
services  that  may  demand  a  compoimd  locomotive.  There  is 
no  limitation  —  and  now,  perhaps,  you  will  find  fault  with  me  in 
some  of  my  statements  —  there  is  no  balanced  compound  locomo- 
tive or  simple  locomotive  of  the  same  capacity  that  will  take 
fifteen  cars  from  Chicago  and  land  them  in  St.  Paul  as  against 
the  old  four-cylinder  Vauclain  locomotive ;  and,  I  want  to  say, 
that  the  balanced  compound  locomotive  has  not  and  never  will 
show  any  economy  over  the  four-cylinder  Vauclain  locomotives 
properly  put  together.  It  was  not  the  fault  of  the  Baldwin 
Locomotive  Works  that  they  were  not  properly  put  together, 
they  were  held  to  certain  conditions  so  far  as  our  road  was  con- 
cerned ;  but  the  one  point  I  want  to  make  is  this :  to  go  back  to 
that  statement  the  friends  of  the  compound  locomotive  have 
done  it  more  hurt  than  any  one  else  in  the  world.  The  compound 
is  all  right  as  far  as  it  goes,  and  when  Mr.  Vauclain  tries  to  get 
a  horse-power  on  twenty  pounds  of  dry  steam  for  a  compound 
locomotive  he  is  going  to  get  into  trouble. 
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Mr.  Vauclain:  Mr.  Chairman,  after  the  oratorical  effort 
from  the  West,  I  want  to  say  that  I  was  correct  yesterday  in 
stating  that  a  compound  locomotive  could  do  twenty  pounds  of 
dry  steam  per  indicated  horse-power,  and  in  support  of  that 
testimony  please  refer  to  page  12  of  this  report  and  you  will 
find  balanced  ccMnpound  locomotives,  which  are  proportioned  in 
the  same  way  as  Mallet  locomotives,  using  only  19.5  pounds  of 
dry  steam  per  indicated  horse-power. 

Mr.  DeVoy  :  If  there  is  anything  in  this  world  I  do  love,  it 
is  just  this  sort  of  thing.  I  want  to  thank  the  gentleman  for  the 
oratorical  part  of  it.  I  am  not  an  orator,  gentlemen.  I  want  to 
quote  from  the  representations  of  the  Baldwin  Locomotive  Works 
of  two  years  ago.  We  do  something  on  the  St.  Paul  Road  other 
than  oratory.  We  turned  out  ten  engines  last  month  and  ten  the 
month  before  and  Mr.  Manchester  made  the  statement  that  they 
build  a  Vauclain  engine  in  the  Baldwin  Locomotive  Works 
to-day  better  than  has  ever  been  done.  I  want  to  tell  you  what  I 
had  in  mind.  It  has  been  the  practice  of  some  of  the  repre- 
sentatives of  the  Baldwin.  Locomotive  Works  to  find  out  about 
what  we  were  doing,  and  I  do  not  believe  I  have  ever  been  afraid 
to  take  them  out;  the  last  time  one  of  their  Chicago  repre- 
sentatives came  out,  he  said,  "  Well,  my  boy,  we  are  doing  a 
whole  lot  better  than  I  wish  we  were."  So,  I  say  again,  it  is  not 
all  oratory.  All  that  we  say  to-day  is,  tell  us  the  kind  of  locomo- 
tive you  want  and  we  will  attempt  to  build  it,  and  I  want  to  tell 
you  right  here  that  we  will  keep  some  of  them  hustling  to  beat 
our  engines,  so  that  I  take  some  pride  in  something  besides  the 
oratory,  although  I  like  a  scrap.     [Applause.] 

Mr.  Nelson  :  I  don't  want  too  cold  water  thrown  on  state- 
ments in  this  report,  as  it  is  distinctly  stated  in  two  places  in  this 
report  that  those  are  testing-plant  conditions.  We  have  conducted 
road  trials  and  we  know  the  difficulties  and  we  know  we  have 
got  on  the  testing-plant  conditions  that  must  be  controlled,  and 
we  are  pretty  safe  in  saying  that  these  figures  are  right  for  the 
testing  plant,  but  we  do  not  say  they  are  right  for  the  road. 
Furthermore,  the  St.  Louis  tests,  which  are  published  partly  on 
the  authority  of  a  committee  from  this  Association,  show  they 
can  be  operated  on  twenty  pounds. 
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Mr.  G.  E.  Parks  (Mich.  Central  R.  R.)  :  In  connection  with 
the  compound,  a  two-cylinder  compound  owned  by  the  Michigan 
Central  R.  R.  was  tested  at  St.  Louis  by  the  Pennsylvania  R.  R. 
Some  time  previous  to  this  test  we  conducted  a  road  test  and  the 
results  compared  very  favorably  with  the  figures  obtained  on  the 
testing  plant.  For  this  reason  I  believe  we  do  get  a  horse-power 
on  less  than  twenty  pounds  of  steam  per  hour. 

Mr.  Gilbert  :  One  of  the  speakers  spoke  of  the  reduction  in 
track  disturbance.  I  would  like  to  ask  if  that  remark  covered 
the  horizontal  as  well  as  the  vertical  track  disturbance. 

Mr.  Clark:  The  statement  referred  to  the  vertical  dis- 
turbance. 

The  President  :  We  will  entertain  a  motion  to  dispose  of 
this  subject.  ^ 

Mr.  Seley  :    I  move  that  the  discussion  be  closed. 
Motion  seconded  and  carried. 

The  Secretary:  Prof.  A.  W.  Smith  was  not  able  to  be 
present  and  he  sent  the  paper  by  express  to  Professor  Hibbard. 
Professor  Hibbard  had  to  leave  yesterday  morning  and  we  have 
been  unable  to  locate  the  paper  on  "  The  Training  of  Technical 
Men."  I  make  the  suggestion,  when  the  paper  is  received,  that 
it  be  printed  in  the  Proceedings,  after  it  is  approved  by  the 
Executive  Committee. 

Mr.  Henderson  :    I  make  that  motion. 
Motion  seconded  and  carried. 

INDIVIDUAL  PAPER  — THE  TRAINING  OF  TECHNICAL  MEN. 

Prof.  A.  W.  Smith,  Cornell  University:  A  technically 
trained  man  is  one  who  understands  the  laws  of  nature  and  who 
can  use  his  brain  effectively  for  the  solution  of  material  problems. 
He  may  have  graduated  from  a  technical  school,  or  he  may 
have  gained  all  his  knowledge  and  power  of  accomplishment 
unaided.  He  is  not  marked  exclusively  by  any  university  degree, 
but  by  his  capacity  to  produce  results.  Though  many  strong 
men  have  gained  themselves  without  the  aid  of  teachers,  yet  the 
easiest  way  to  gain  technical  training  is  to  begin  in  a  technical 


Digitized  by  VjOOQIC 


331 

school.  As  in  all  intellectual  professions  the  training  process 
continues  throughout  the  entire  working  period  of  life;  but  an 
effective  technical  course  should  lay  the  firm  foundations  on 
which  to  build. 

Thirty  years  ago  it  was  hard  for  a  technical  graduate  to  get 
work  in  any  kind  of  engineering.  To-day  the  leaders  in  all  kinds 
of  engineering  look  to  the  technical  schools  to  supply  many  of 
their  efficient  helpers. 

The  reasons  for  this  are  obvious.  The  engineering  of  the 
earlier  time  was  simpler  and  the  man  trained  in  the  actual  prac- 
tice, with  little  knowledge  from  the  schools,  could  carry  it  on 
successfully.  He  was  distinctly  at  an  advantage  compared  with 
the  man  fresh  from  the  technical  school  without  practical  experi- 
ence. Moreover,  the  technical  schools  of  the  earlier  time  were 
undeveloped  and  the  training  lacked  much  in  power-giving 
quality.  When  there  was  any  advance  into  new  fields  the  leader- 
ship fell  to  him  who  knew  the  way,  or  who  could  find  it  out, 
and  to  know  or  find  out  the  way  one  must  know  mathematics 
and  the  laws  of  nature. 

Thirty  years  ago  there  was  no  electrical  engineering.  To-day 
the  achievements  of  electrical  engineering  are  a  wonder  to  all 
of  us.  The  leaders  in  this  development  were  men  who  knew 
physics  and  who  could  think  effectively.  After  they  conceived 
of  the  production  of  a  desired  result  through  the  agency  of 
electricity  many  men  were  able  to  come  in  to  help  with  the 
materialization  of  the  idea. 

The  history  of  the  modern  development  of  heat  engines  is 
similar;  the  pioneers  in  steam  turbines  and  in  internal  com- 
bustion engines  again  were  thinkers  who  had  learned  physics. 

To  appreciate  the  growth  of  the  need  for  broadly  trained 
men  in  the  railroad  work  it  is  only  necessary  to  compare  the 
railroad  shops  of  thirty  years  ago  with  those  of  the  present. 
The  latter,  with  their  centralized  power,  their  pneumatic, 
hydraulic,  electrical  and  water-supply  systems,  demand  from 
some  one  a  working  knowledge  of  the  whole  field  of  engineering. 
The  former  certainly  made  no  such  demand.  The  qualities  of 
sound  judgment  and  a  capacity  for  handling  men  were  necessary 
in  the  earlier  time  as  well  as  now;    this  demand  has  changed 
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only  because  the  problems  are  more  extensive  and  the  bodies  of 
men  engaged  are  larger. 

With  all  the  engineering  development  of  thirty  years,  with 
the  multiplication  of  the  lines  along  which  eflfective  thinking  may 
increase  knowledge  and  usefulness,  there  has  come  a  broadening 
of  the  fields  for  the  technically  trained  man,  together  with 
increased  effectiveness  in  the  training.  The  schools  have  not 
always  fully  met  the  need  and  only  eternal  watchfulness  and 
unremitting  work  will  insure  their  meeting  the  growing  needs 
of  the  future. 

Starting  with  the  understanding  that  the  schools  can  only 
begin  the  technical  training  which  is  to  continue  throughout  the- 
active  life  of  an  engineer,  the  question  comes  —  What  is  the  best 
course  that  a  technical  school  can  give?  It  is  not  proposed  to 
discuss  here  the  entire  technical  course,  but  some  details  that 
are  in  process  of  change  and  development. 

In  all  building  the  foundations  must  be  solid  if  the  structure 
is  to  be  large  and  high.  The  technical  school  is  chiefly  con- 
cerned with  the  foundations  of  the  technical  man's  training. 

Since  the  et'igineer  deals  with  matter  and  energy,  it  follows 
that  he  must  know  the  laws  that  govern  them.  Physics  and 
chemistry  have  been  well  taught  in  the  technical  schools  from 
the  beginning  and  have  made  the  advance  required  by  the 
development  of  engineering. 

MATHEMATICS  FOR  THE  ENGINEER. 

But  a  knowledge  of  pure  mathematics  must  precede  the  study 
of  the  laws  of  nature.  Pure  mathematics  —  in  almost  all  cases  — 
has  been  taught  to  engineering  students  by  men  whose  life-work 
was  pure  mathematics.  To  such  men  pure  mathematics  is  an 
end.  The  engineer  needs  pure  mathematics  as  a  means  to  pro- 
duce an  engineering  result.  The  stress  in  the  teaching  has  been 
laid  on  the  things  that  were  interesting  to  the  teacher  rather 
than  upon  the  things  that  were  useful  to  the  student.  It  has  been 
as  if  the  student  received  an  assortment  of  many  tools  adapted 
to  use  upon  all  sorts  of  rarely  occurring  operations,  and  with 
no  skill  in  their  use,  instead  of  a  few  tools  constantly  needed, 
which  he  could  use  with  great  skill.  The  engineer  needs  a  work- 
ing knowledge  of  elementary  mathematics  through  calculus,  but 
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the  vital  thing  is  that  it  should  be  elementary  and  that  it  must 
be  a  working  knowledge.  The  trouble  in  teaching  pure  mathe- 
matics has  been  recognized  and  very  generally  discussed  for 
several  years,  and  there  is  an  awakening  in  all  the  technical 
schools  to  the  need  of  betterment.  The  fault  has  usually  been 
with  the  engineering  teachers  rather  than  with  the  teachers  of 
mathematics.  The  writer  has  always  found  the  latter  anxious 
to  modify  their  work  so  as  to  make  it  eflfective. 

SHOPS. 

Shop  work  is  given  in  some  of  the  secondary  schools  as  a 
necessary  element  of  every  pupil's  education.  Trade  schools 
prepare  the  pupil  for  eamifig  a  livelihood.  The  shop  work  in 
the  technical  schools  has  too  often  been  a  mixture  of  these  two. 
The  true  function  of  shop  instruction  in  a  technical  school  is  to 
give  an  understanding  of  shop  processes  and  of  the  principles 
of  manufacturing.  If  the  technical  student  is  worthy  of  his 
opportunity  he  is  not  preparing  to  earn  his  way  through  life 
by  work  at  a  trade.  He  needs  to  get  ideas  from  the  school  shops 
instead  of  manual  skill.  If  he  is  to  design  machines  intelligently 
he  must  understand  the  processes  by  which  they  are  produced. 
If  he  is  to  work  in  any  high  position  in  manufacturing  he  must 
know  what  is  possible  in  producing  machine  parts  of  required 
quality  in  large  or  small  quantities  at  low  cost. 

An  effort  has  been  made  to  work  out  these  ideas  in  the  shops 
of  Sibley  College.  The  foundry  work  will  be  given  next  year  in 
the  first  year  of  the  course  so  that  the  student  may  understand 
the  use  of  patterns  before  he  makes  them  in  the  second  year. 
Two  molding  machines  have  been  installed  so  that  their  advan- 
tages over  hand  molding  may  be  demonstrated,  for  the  pro- 
duction of  large  numbers  of  duplicate  castings. 

In  the  forge  shop,  together  with  the  usual  provision  for 
hand  forging,  a  drop-press  has  been  installed  which  is  operated 
by  an  expert  as  a  demonstration  for  the  students,  who  learn 
hand  forging  and  see  drop  forging.  It  is  thus  easy  to  teach 
that  very  expensive  dies  for  the  drop  press  may  greatly  reduce 
the  cost  of  forgings  that  are  required  in  duplicate  in  large 
numbers. 
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In  the  machine  shop  the  students  learn  to  operate  the  standard 
machine  tools  and  also  either  operate  or  see  the  operation  of 
machines  with  turrets.  The  equipment  includes  a  Jones  &  Lam- 
son  2  by  24-inch  flat  turret  lathe,  a  Cleveland  %-inch  full  auto- 
matic screw  machine,  a  Bardons  &  Oliver  ij4-inch  screw 
machine,  and  a  Colbum  34-inch  vertical  boring  mill  with  turret 

Forty  speed  lathes  are  under  construction  in  the  shops  and 
every  operation  upon  these  lathes  •  during  construction  is  a 
manufacturing  operation. 

In  connection  with  this  work  in  the  shops,  a  class-room  course 
is  given  treating  of  the  "  Principles  o-f  Manufacturing,"  includ- 
ing manufacturing  methods  and  cost  keeping.  Incidentally  the 
student  will  acquire  skill  in  the  use  of  tools;  but  the  prime 
object  of  the  course  is  to  contribute  to  his  mental  equipment. 

If,  after  leaving  school,  a  young  man  takes  up  a  division  of 
engineering,  like  railroading,  with  specialized  shop  work,  he 
should  spend  time  enough  in  the  shops  to  become  familiar  with 
the  methods.  It  is  impossible  to  teach  specialized  work  in  the 
school  shops  —  the  school  is  concerned  with  "  foundations." 
Moreover,  the  best  place  to  learn  applied  engineering  is  where 
it  is  carried  on  for  profit. 

DRAWING  AND  MACHINE  DESIGN. 

In  the  technical  schools  of  the  past  the  object  was  to  train 
men  to  design  and  construct  machines.  The  development  of 
engineering,  hov^ever,  has  been  such  that  only  a  few  of  the  men 
who  go  into  engineering  work  become  designers  of  machines. 
Hence  the  question  arises,  "  Shall  a  thorough  course  in  drawing 
and  design  be  given  to  all  technical  students  ?  " 

Although  few  engineers  are  called  on  to  really  design 
machines,  yet  nearly  all  must,  sooner  or  later,  pass  judgment  on 
the  designs  of  others.  It  is  believed  that  no  training  is  as 
effective  to  form  sound  judgment  in  this  line  as  a  careful  detailed 
study  of  the  motion  elements  of  machines  and  of  the  strength 
and  stiffness  of  machine  parts. 

All  students  in  Sibley  College  take  the  course  in  machine 
design.  This  course  begins  in  the  first  year  with  machine  sketch- 
ing, the  making  of  working  drawings  and  descriptive  geometry. 
In  the  second  year  the  work  is  called  "  Empirical  Design."    There 
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are  many  machine  parts  in  which  strength  or  stiflfness  are  not 
the  governing  factors  of  design.  They  have  to  be  made  stronger 
than  necessary  because  of  other  conditions  either  of  construction 
or  operation.  Such  machine  parts  are  not  designed  by  any 
theory  but  by  following  precedents  established  by  good  practice. 
In  the  junior  year  careful  applications  of  the  mechanics  of 
materials  are  made  to  the  design  of  machine  frames  and  other 
work  in  advanced  design. 

Three  years'  work  finishes  the  design  course  and  in  the 
senior  year  the  student  is  allowed  to  specialize  in  electrical 
engineering,  or  general  power  plant  design,  or  in  internal  com- 
bustion engines  or  reciprocating  steam  engines  or  steam  turbines, 
or  naval  architecture  or  in  railway  mechanical  engineering.  In 
all  of  these  divisions  the  tendency  is  toward  less  drafting  and 
more  computing.    This  increases  results  and  broadens  the  work. 

TESTING  LABORATORY. 

The  testing  laboratory  is  one  of  the  most  important  divisions 
of  the  technical  school.  Here  the  student  not  only  learns  how  to 
make  tests  and  to  give  a  clear  and  orderly  report,  but  he  also 
gets  a  clearer  conception  of  the  meaning  of  efficiency  and  a 
better  tmderstanding  of  machines. 

DESIGN  OF  ENGINEERING  PROPERTIES. 

As  the  single  small  stationary  engines  of  the  past  have  been 
replaced  by  the  great  concentrated  power  stations  of  the  present ; 
as  the  small  shop  of  other  days  has  grown  into  the  great  manu- 
facturing establishments  of  to-day,  need  has  come  for  a  new 
kind  of  designer ;  the  designer  of  great  aggregations  of  machin- 
ery which  may  be  called  "  engineering  properties."  This  man  is 
required  to  combine  the  machines  designed  by  others  so  that 
raw  material  may  be  treated  and  finished  products  delivered  at  a 
minimum  cost.  In  Sibley  College  this  subject  is  treated  in  the 
senior  year  with  special  reference  to  power  stations;  but  the 
principles  involved  may  be  extended  to  other  properties.  The 
separate  elements  of  power  stations  are  described  and  their  func- 
tions are  studied,  and  then,  with  conditions  fully  specified,  prob- 
lems are  worked  out  to  determine  the  combination  that  will  give 
the  best  result.     Every  item  that  affects  profit  on  operation  is 
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considered  and  an  effort  is  made  to  use  the  methods  of  the  best 
practice.  Previous  to  the  present  year  problems  were  assigned 
to  the  class  and  worked  outside  the  college  and  handed  in.  This 
year  all  the  work  has  been  carried  on  in  computing  periods.  Sec- 
tions of  the  class  assembled  in  a  large  room  equipped  with  tables 
and  chairs  for  three-hour  periods  and,  under  the  direct  charge 
of  an  instructor,  worked  the  problems.  They  were  free  to  use 
reference  books  and  to  discuss  the  problems  freely  with  each 
other  and  with  the  instructor.  Effort  was  made  to  produce  the 
conditions  of  an  engineering  office,  and  the  result  was  very 
satisfactory. 

This  effort  on  the  part  of  the  technical  schools  to  get  near 
to  practice  is  probably  the  most  important  movement  of  the  pres- 
ent. It  is  impossible  to  produce  exactly  the  conditions  of  prac- 
tice in  the  schools ;  the  shock  of  change  must  always  come  to  a 
man  going  from  graduation  to  work.  But  this  shock  should  be 
reduced  to  a  minimum.  To  accomplish  this  most  effectively  all 
teachers  should  be  men  of  experience  in  practice,  and  their 
experience  should  be  renewed  at  intervals  by  vacation  work  or 
by  years  off.  The  advance  of  engineering  is  so  rapid  that  no 
man  can  teach  engineering  exclusively  for  many  years  without 
getting  "  out  of  date."  Antaeus  must  touch  the  earth  to  get 
renewed  strength. 

BUSINESS  ENGINEERING. 

The  business  side  of  modern  engineering  needs  many  trained 
men.  It  may  be  they  are  needed  for  the  sales  department  of  a 
manufactory,  or  for  negotiation  of  contracts  for  the  design  and 
construction  of  engineering  properties,  or  it  may  be  for  the 
presenting  of  engineering  schemes  to  capitalists  or  for  any  one 
of  a  thousand  other  duties. 

Such  men  need  an  understanding  of  the  elements  of  engineer- 
ing, and  they  also  need  to  be  trained  in  such  subjects  as  elemen- 
tary economics,  transportation,  money  and  banking,  wages  and 
labor  problems,  the  law  concerning  contracts,  or  the  relations 
of  master -and  servant,  or  water  rights,  etc.  A  course  is  needed 
which  gives  a  part  of  the  present  engineering  course  with  these 
other  subjects.  When  a  technical  school  is  a  part  of  a  university 
the  providing  of  this  course  would  only  involve  selection  and 
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rearrangement.  Many  young  men  in  the  past  few  years  have 
completed  the  engineering  course  in  Sibley  College,  not  because 
it  suited  their  need,  but  because  it  suited  them  more  nearly  than 
any  other  course.  Tliis  demand  for  a  course  in  engineering 
business  is  steadily  increasing  and  nowhere  is  it  more  imperative 
than  in  connection  with  railroads.    The  demand  is  sure  to  be  met. 

• 

GRADUATE  SCHOOLS. 

In  subjects  like  History  or  Literature,  if  advances  are  to  be 
made  beyond  the  undergraduate  work,  the  place  for  study  is  in 
libraries.  The  work  is  upon  things  that  are  completed  and 
recorded  in  books.  But  if  the  work  is  upon  a  developing  sub- 
ject, one  that  is  constantly  changing,  one  in  which  all  books  are 
"  out  of  date,"  the  place  for  advanced  work  is  where  the  develop- 
ment is  actually  taking  place. 

A  graduate  school  of  engineering  could  only  be  made  success- 
ful if  the  conditions  of  practice  were  reproduced  in  the  school. 
Even  if  this  were  possible  it  would  involve  a  very  great  and 
unjustified  expense.  .  And  so  again  the  fact  appears  that  the 
technical  schools  are  concerned  with  the  foundations  of  engineer- 
ing. 

NEED  OF  BROADER  TRAINING  FOR  ENGINEERS. 

As  the  work  of  the  engineer  has  developed  and  increased,  it 
'has  touched  other  interests  at  more  points  and  the  engineer 
himself  has  needed  more  and  more  to  be  a  man  of  affairs.  There 
has  been  increasing  need  for  him  to  meet  men  in  other  profes- 
sions, the  legislator,  the  lawyer,  the  financier.  If  he  is  to  meet 
these  men  effectively  he  must  meet  them  on  their  own  level,  he 
must  be  a  man  of  broad  interests  and  of  culture.  Engineering 
is  an  intellectual  profession  demanding  a  strong  active  mind,  and 
in  this  engineers  do  not  lack;  but  there  is  need  that  the  mind 
may  be  applied  effectively  to  other  things  than  engineering,  and 
so  the  modem  engineer,  if  he  is  to  occupy  one  of  the  high  places, 
needs  not  only  a  technical,  but  also  a  liberal  training.  In  the 
effort  to  give  adequate  training  in  the  fundamentals  of  engineer- 
ing at  Sibley  College  all  subjects  not  directly  related  to  engineer- 
ing have  been  crowded  out  of  the  four-year  course,  and  the 
graduates  have  been  accused  of  narrow  specialization.  For  some 
M-22 
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years  it  has  been  possible  for  a  student  to  spend  six  years  in 
Cornell  University  taking  the  A.  B.  degree  at  the  end  of  four 
years  and  the  M.  £.  degree  at  the  end  of  six  years.  Only  a  few 
have  taken  this  course. 

This  year  it  was  suggested  that  all  students  be  required  to 
take  five  years  for  the  M.  E.  degree,  and  that  they  be  required 
to  spend  one  year  on  subjects  in  arts.  This  suggestion  was  not 
adopted  because  it  would  shut  out  a  large  body  of  earnest  men 
who,  because  of  lack  of  money,  or  lack  of  taste  for  arts  work, 
would  not  take  this  five-year  course.  But  though  this  course  was 
not  adopted  as  a  required  course,  it  will  probably  be  offered  as 
an  option  next  year. 

It  is  true  that  there  is  a  tendency  for  the  engineer  to  be 
narrow  and  it  is  also  true  that  it  is  desirable  for  him  to  be  a 
.  cultivated  man,  not  only  because  it  enables  him  to  achieve  more 
as  an  engineer,  but  because  it  helps  him  to  live  a  fuller  life. 

Summarizing,  it  seems  to  the  writer  that  the  duty  of  the 
technical  school  is: 

1.  To  give  sound  instruction  in  all  subjects  necessary  to  an 
understanding  of  the  laws  of  nature. 

2.  To  lead  the  student  in  all  of  the  work  toward  logical  and 
effective  thinking. 

3.  To  give  as  far  as  is  possible  the  point  of  view  of  prac- 
tice. That  is,  to  show  that  the  engineer  is  not  justified  in  creat- 
ing an  engineering  property  unless  it  pays  a  profit;  and  to 
teach  the  methods  of  determining  if  the  profit  will  be  forth- 
coming. 

4.  To  offer  courses  planned  to  prepare  men  for  the  business 
side  of  engineering. 

5.  To  offer  longer  courses  with  opportunity  to  elect  general 
subjects  for  greater  breadth  of  training. 

The  President:  We  will  now  call  on  the  Auditing  Com- 
mittee for  their  report. 

Mr.  Pomeroy:  I  have  to  report  that  the  committee  has 
examined  the  books  of  the  Association  and  found  them  correct 
in  every  particular. 
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Mr.  Peck  :    I  move  the  report  be  received  and  adopted. 
Motion  seconded  and  carried. 

The  President:  The  report  of  the  Committee  on  Resolu- 
tions will  now  be  received.    Mr.  Basford  read  the  report. 

REPORT  OF  COMMITTEE  ON  RESOLUTIONS. 

Whereas,  The  Forty-first  Convention  of  this  Association  has  been  one 
of  the  most  successful  in  its  history,  the  attendance  being  ten  per  cent 
greater  than  last  year,  and  whereas,  the  exhibits  occupied  seven  per  cent 
more  floor  space,  with  corresponding  improvement  in  value  and  in  appear- 
ance :   be  it 

Resolved,  That  the  hearty  thanks  of  the  Association  be  extended  to 
the  President  for  his  admirable  address,  the  officers  of  the  Association, 
and  especially  the  Secretary,  for  the  painstaking  preparations  and  conscien- 
tious efforts  in  every  detail  of  the  conduct  of  the  sessions ;  to  the  technical 
committees  and  authors  of  papers  for  their  effective  service;  to  the  Com- 
mittee of  Arrangements  for  providing  so  satisfactorily  for  the  meetings; 
to  the  railroads  for  courtesies  extended;  to  the  hotels  and  business  men 
of  Atlantic  City  for  their  entertainment  to  the  Railway  Supply  Manufac- 
turers' Association  for  their  efforts  to  render  the  exhibits  valuable  and 
instructive ;  to  the  technical  press  in  general  for  their  interest  and  support 
and  to  the  daily  Railroad  Age-Gazette  for  prompt  reports  of  the  discussions. 

Whereas,  The  regular  appearance  of  daily  reports  of  discussions  at. 
these  conventions   for  many  years  is  due  to  the  unselfish  and  untiring 
energy  as  well  as  the  ability  of  Hugh  M.  Wilson  in  the  publication  of  the 
daily  Railway  Age;    Whereas  Mr.  Wilson  has  retired  from  journalism; 
as  a  mark  of  appreciation  of  these  efforts :   be  it 

Resolved,  That  the  thanks  of  the  Association  be  extended  to  him  per- 
sonally, together  with  best  wishes  for  his  continued  prosperity,  good  health 
and  happiness. 

G.  M.  Basford, 

L.    R.    POMEROY, 

A.  E.  Mitchell, 

Commitfee,. 

The  President:  A  motion  to  receive  this  report  will  be  In 
order. 

Mr,  Peck  :    I  move  that  the  report  be  received  and  adopted. 
Motion  seconded  and  carried. 

The  President  :    The  next  in  order  is  the  election  of  officers. 
Mr.  Seley:    In  order  to  make  a  resolution,  there  has  been 
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some  little  talk  about  the  delay  in  receipt  of  the  reports  of  not 
only  this  Association,  but  also  the  Master  Car  Builders ;  and  I 
would  like  to  say,  as  a  most  frequent  visitor  of  the  office  of  the 
Secretary,  that  it  is  due  to  the  fault  of  the  members  and  not  of 
the  Secretary.  You  can  investigate  that  matter  for  yourselves, 
by  looking  up  the  date  of  the  signature  of  the  reports,  and  the 
very  large,  heavy  reports  were  sent  in  at  the  last  moment,  with 
blue-prints  to  be  produced,  and  that  sort  of  thing,  and  a  number 
of  reports  were  not  ready  even  at  the  very  late  date  that  the 
reports  were  made.  I,  therefore,  move  you,  sir,  that  the 
Executive  Committee  advise  the  Secretary  to  have  all  reports  of 
committees  printed  that  are  received  by  May  15  after  same  have 
been  listed  and  approved  by  the  Executive  Committee ;  that  the 
reports  received  after  that  date  be  printed  and  presented  at  the 
convention ;  also  that  a  copy  of  this  resolution  be  forwarded  to 
the  Executive  Committee  of  the  Master  Car  Builders  for  their 
information. 

Mr.  Wright:  Those  papers  that  come  in  after  the  15th 
to  be  presented  at  the  convention,  or  at  the  following  conven- 
tion? 

Mr.  Selev  :  No,  at  the  convention ;  but  we  <Jon't  have  the 
use  of  them  prior  to  that. 

Mr.  Wright  :    That  is  the  present  practice.  ^ 

Mr.  Seley:  I  wish  to  explain  that  the  Secretary  held  the 
reports  that  came  in  early  for  the  late  ones.  And  while  there 
were  some  reports  in  his  hands  as  early  as  the  first  of  December, 
the  majority  of  them  came  in  pretty  nearly  the  last  of  May. 

Mr.  Peck:  I  would  amend  Mr.  Seley's  motion  that  the 
chairman  of  each  one  of  the  committees  be  advised  of  this  resolu- 
tion. 

Mr.  Wildin  :    I  second  Mr.  Seley's  motion. 

The  President:  I  trust  you  will  go  further  in  the  matter 
and  give  the  motion  attention,  because  it  is  very  annoying  and 
delaying  and  has  delayed  the  business  of  the  convention  by 
having  these  reports  come  in  so  late.  In  many  instances  they 
can  be  in  on  time  just  as  well. 

Motion  carried. 
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The  President:  Now,  the  election  of  officers  is  the  next 
business  in  order.    The  Secretary  will  read  the  Constitution. 

The  Secretary  read  Section  I,  Article  8,  of  the  Constitution. 

The  Secretary  :  The  President  has  appointed  the  following 
Tellers : 

As  Collecting  Tellers  — E.  W.  Pratt  and  R.  V.  Wright. 
As  Counting  Tellers  —  F.  F.  Gaines  and  L.  R.  Pomeroy. 

The  President  :  We  will  listen  to  the  report  of  the  Tellers 
as  to  the  President. 

Mr.  F.  F.  Gaines  :  Mr.  President,  the  count  stands  So  votes, 
5  scattered,  75  for  Mr.  H.  H.  Vaughan. 

Mr.  Angus  Sinclair  :    I  move  the  vote  for  Mr.  Vaughan  be 
made  unanimous,  the  Secretary  to  cast  the  ballot. 
Motion  seconded  and  carried. 

The  Secretary  announced  that  he  had  cast  the  ballot  of  the 
Association  for  Mr.  Vaughan  as  President. 

Mr.  Gaines  :  For  First  Vice-President  will  report  65  votes, 
necessary  to  a  choice  33  votes,  2  votes  scattered,  67  votes  for  Mr. 
Wildin. 

Mr.  Sinclair:  I  move  that  the  nomination  of  Mr.  Wildin 
be  made  unanimous  and  that  the  Secretary  be  instructed  to  cast 
the  ballot. 

Motion  seconded  and  carried. 

The  Secretary  announced  that  he  cast  the  ballot  as  directed 
for  Mr.  Wildin  as  Vice-President. 

Mr.  Gaines:  The  vote  for  Second  Vice-President  is  65: 
Mr.  Curtis  4,  Mr.  Parish  9,  Mr.  Seley  6,  Mr.  Fuller  31,  Mr. 
Muhlfeld  6,  Mr.  Howard  2,  Mr.  Rumney  i,  Mr.  Mitchell  i,  Mr. 
Manchester  2,  Mr.  Clark  2,  Mr.  Bronner  i.  *  This  shows  that 
there  is  no  election,  and  a  second  ballot  will  have  to  be  taken. 

After  the  second  ballot  for  Second  Vice-President,  Mr. 
Gaines  announced  the  total  vote  to  be  70,  of  which  Mr.  Fuller 
received  51  votes,  Mr.  Curtis  7,  Mr.  Parish  6,  Mr.  Muhlfeld  i, 
Mr.  Seley  5. 

Mr.  Sinclair:    I  move  that  the  election  of  Mr.  Fuller  be 


Digitized  by  VjOOQIC 


342 

made  unanimous  and  that  the  Secretary  be  instructed  to  cast  the 
ballot. 

Motion  seconded  and  carried. 

The  Secretary  announced  that  he  had  cast  the  ballot  as 
directed. 

Mr.  Gaines:  The  vote  for  Third  Vice-President,  total  69; 
Mr.  Muhlfeld  53,  Mr.  Howard  i,  Mr.  Miller,  i,  Mr.  Man- 
chester 5,  Mr.  Bentley  2,  Mr.  Seley  3,  Mr.  Curtis  4. 

Mr.  Sinclair  :  I  move  that  the  election  of  Mr.  Muhlfeld  be 
made  unanimous  and  that  the  Secretary  be  instructed  to  cast  the 
ballot. 

Motion  seconded  and  carried. 

The  Secretary  announced  that  he  cast  the  ballot  for  election 
of  Mr.  Muhlfeld  as  Third  Vice-President. 

The  President:  You  will  now  prepare  your  ballot  for 
Treasuret^lso  for  the  three  Executive  Members.  Messrs.  Seley, 
Howard  and  Whyte  are  the  three  hold-overs. 

Mr.  Gaines  :  The  vote  for  Treasurer  is  as  follows :  Total 
66,  Mr.  Sinclair  65,  scattering  i. 

Mr.  Pratt:    I  move  that  we  make  this  vote  unanimous. 
Motion  seconded  and  carried. 

The  President:  We  will  save  a  little  time  if  a  motion  is 
made  that  the  three  receiving  the  highest  number  of  votes  be 
declared  elected. 

Mr.  Pratt  :    I  make  that  motion. 
Motion  seconded  and  carried. 

Mr.  Gaines  :  The  vote  for  Executive  Members  is  as  follows : 
Mr.  Bentley  37,  Mr.  Rumney  22,  Mr.  Curtis  21.  They  were  the 
highest  three. 

Mr.  Sinclair:     I  move  that  the  Secretary  be  instructed  to 
cast  a  ballot  for  those  three  gentlemen. 
Motion  seconded  and  carried. 

The  Secretary  announced  that  he  cast  a  ballot  for  Messrs. 
Bentley,  Rumney  and  Curtis. 
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The  President  :  Gentlemen,  in  surrendering  the  position  of 
President,  I  wish  to  thank  you  all  for  your  uniform  forbearance 
in  passing  over  my  shortcomings  as  presiding  officer.  Whatever 
success  we  have  had  is  owing  entirely  to  this  feature  and  I 
bespeak  for  my  successor  the  same  kindness  and  herewith  turn 
over  the  gavel  to  Mr.  Vaughan.     [Applause.] 

Mr.  Vaughan  :  Gentlemen,  it  is  impossible  for  me  to  thank 
you  properly  for  the  honor  you  have  conferred  upon  me,  or 
explain  to  you  my  appreciation  of  and  thanks  for  your  action. 
While  I  have  not,  perhaps,  been  a  member  of  the  Association 
as  long  as  some  of  the  others  of  you,  I  do  not  think  there  is  any- 
body who  has  a  deeper  interest  in  the  well  being  of  the  Master 
Mechanics'  Association  than  I  have ;  and  it  will  be  my  pleasure 
and  endeavor  to  carry  on  as  well  as  possible  the  work  of  those 
who  have  preceded  me,  and  use  my  best  endeavors  for  the  pros- 
perity and  furtherance  of  the  objects  of  this  Society.   [Applause.] 

Mr.  Angus  Sinclair  :  Mr.  President,  and  gentlemen,  I  wish 
to  propose  a  hearty  vote  of  thanks  to  our  retiring  President,  Mr. 
Wm.  Mcintosh.  We  can  think  of  his  work  as  efficient  in  every 
line  that  he  has  been  engaged  in  for  the  Association,  in  his  pre- 
siding over  the  meetings,  in  his  work  on  the  Executive  Com- 
mittee and  his  work  as  a  general  member  of  this  Society.  I  am 
sure  that  every  one  heartily  approves  of  the  manner  in  which 
Mr.  Mcintosh  has  performed  his  duties,  and  I  think  it  would  be 
very  proper  to  put  this  motion  as  a  rising  vote. 
•     Motion  seconded  and  carried  by  a  rising  vote. 

President  Vaughan  :  I  introduce  Mr.  Walbank,  the  Presi- 
dent of  the  Railway  Supply  Association,  who  has  a  very  pleasant 
duty  to  perform. 

Mr.  Walbank  :  Mr.  President,  a  very  pleasant  and  profitable 
season  of  the  annual  convention  of  June,  1908,  is  about  closed. 
We  have  met  in  business  conditions,  not  as  auspicious  as  in  some 
previous  years ;  but  we  have  had  a  very  satisfactory  attendance 
and  we  have  all  had  a  good  time  and  hope  that  next  year  we 
shall  meet  under  brighter  commercial  skies. 

The  Supply  Manufacturers'  Association  express,  through  me, 
their  appreciation  of  the  courtesy  and  attention  shown  to  the 
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exhibits  prqxared  for  your  two  mechanical  associations.  I  have 
a  few  words  to  say,  with  your  kind  permission,  to  your  retiring 
President.  Mr.  Mcintosh,  the  consciousness  of  honors  deserved, 
of  work  faithfully  and  ably  done,  and  of  retirement,  and  the 
praise  and  affection  of  those  whom  you  have  served  is  yours.  1 
am  'the  glad  agent  of  your  admiring  friends  among  the  supply 
men,  who  bid  me  present  this  Past  President's  badge. 

Mr.  McIntosh  :  Mr.  Walbank,  as  President  of  the  Supply 
Men's  Association,  I  thank  you  sincerely  for  this  kind  memorial 
of  the  occasion,  and  I  want  to  say  that  no  Frenchman  will  wear 
the  badge  of  the  Legion  of  Honor,  or  German  wear  the  Iron 
Cross  with  any  greater  pride  than  I  will  wear  this  badge  of  the 
Master  Mechanics'  Association.    I  thank  you  all. 

The  President:  There  being  no  more  business  a  motion  to 
adjourn  is  in  order. 

Mr.  Miller:    I  move  we  adjourn. 

Motion  seconded  and  carried. 
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CIRCULAR  RELATING  TO  LETTER   BALLOT. 

Dear  Sir, — At  the  convention  of  1908  the  following  subjects 
were  referred  to  letter  ballot.  Each  question  is  given  a  number 
in  order  to  better  provide  for  voting.  Each  member  is  requested 
to  vote  "  Yes  "  or  "  No  "  opposite  the  number  on  each  question  on 
the  accompanying  ballot  slip,  which  corresponds  with  the  num- 
bers on  the  letter  ballot,  and  mail  it  to  the  Secretary,  390  Old 
Colony  Building,  Chicago,  Illinois. 

A  vote  "  Yes  "  will  mean  that  the  subject  is  to  be  adopted  as 
a  standard,  and  a  vote  "  No  "  will  mean  that  it  is  not  to  be  so 
adopted.  The  votes  will  be  counted  September  5,  1908,  and  any 
votes  received  at  the  Secretary's  office  after  that  date  will  be 
excluded  from  the  count.  All  votes  must  be  either  "  Yes  "  or 
"  No  "  to  be  counted  in  the  result,  as  no  qualified  votes  will  be 
considered. 

All  references  to  changes  in  th^  standards  refer  to  the  Pro- 
ceedings for  1907. 

Where  recommendations  have  been  made  that  these  standards 
be  changed  to  conform  to  M.  C.  B.  standards,  it  should  be  under- 
stood that  the  changes  will  be  made  in  accordance  with  the  stand- 
ards of  the  Master  Car  Builders*  Association  as  modified  this 
year. 

APPRENTICESHIP  SYSTEM. 

The  Committee  on  the  Apprenticeship  System  recommended 
a  series  of  basic  principles  relating  to  the  handling  of  apprentices, 
and  suggested  their  adoption  in  lieu  of  the  code  adopted  in  1898. 
These  principles  are  as  follows : 

1.  To  develop  from  the  ranks  in  the  shortest  possible  time,  carefully 
selected  young  men  for  the  purpose  of  supplying  leading  workmen  for 
future  needs,  with  the  expectation  that  those  capable  of  advancement 
will  reveal  their  ability  and  take  the  places  in  the  organization  for  which 
they  are  qualified. 

2.  A   competent      person  must  be   given  the  responsibility  of  the 
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apprenticeship  scheme.  He  must  be  given  adequate  authority,  and  he  must 
have  sufficient  attention  from  the  head  of  the  department.  He  should 
conduct  thorough  shop  training  of  the  apprentices,  and  in  close  connec- 
tion therewith  should  develop  a  scheme  of  mental  training,  having  neces- 
sary assistance  in  both.  The  mental  training  should  be  compulsory  and 
conducted  during  working  hours  at  the  expense  of  the  company. 

3.  Apprentices  should  be  accepted  after  careful  examination  by  the 
apprentice  instructor. 

4.  There  should  be  a  probationary  period  before  apprentices  arc 
finally  accepted;  this  period  to  apply  to  the  apprentice  term  if  the  candi- 
date is  accepted.  The  scheme  should  provide  for  those  candidates  for 
apprenticeship  who  may  be  better  prepared  as  to  education  and  experience 
than  is  expected  of  the  usual  candidate. 

5.  Suitable  records  should  be  kept  of  the  work  and  standing  of 
apprentices. 

6.  Certificates  or  diplomas  should  be  awarded  to  those  successfully 
completing  the  apprentice  course.  The  entire  scheme  should  be  planned 
and  administered  to  give  these  diplomas  the  highest  possible  value. 

7.  Rewards  in  the  form  of  additional  education,  both  manual  and 
mental,  should  be  given  apprentices  of  the  highest  standing. 

8.  It  is  of  the  greatest  importance  that  those  in  charge  of  apprentices 
should  be  most  carefully  selected.  They  have  the  responsibility  of  pre- 
paring the  men  on  whom  the  roads  are  to  rely  in  the  future.  They  must 
be  men  possessing  the  necessary  ability,  coupled  with  appreciation  of 
their  responsibility. 

9.  Interest  in  the  scheme  must  begin  at  the  top,  and  it  must  be 
enthusiastically  supported  by  the  management. 

10.  Apprenticeship  should  be  considered  as  a  recruiting  system,  and 
greatest  care  should  be  taken  to  retain  graduated  apprentices  in  the  service 
of  the  company. 

I.  Are  you  in  favor  of  substituting  the  above  principles  for 
the  present  code  of  apprentice  rules  ? 


REVISION  OF  STANDARDS. 

SCREW  THREADS,   BOLTS  AND  NUTS. 

The  Committee  on  Revision  of  Standards  recommends  that 
the  word  **  hexagon  "  be  prefixed  to  the  words  "  nuts  "  in  heading 
of  the  second  column  and  "  bolt  heads  "  in  the  heading  of  the 
third  column  of  the  table  on  page  355,  Proceedings  1907,  and 
that  the  table  be  continued  from  2  inches  to  include  3j4-inch 
sizes,  as  follows: 
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2.  Are  you  in  favor  of  the  above  changes? 

sellers'  standard  nuts  and  bolts. 

The  Committee  on  Revision  of  Standards  recommends  that 
the  equation,  shown  on  page  356,  for  calculating  the  dimensions 
for  rough  heads  should  be  changed  to  read  as  follows : 

Rough  head  =  ^  diameter  of  bolt  plus  1-16  inch. 

3.  Are  you  in  favor  of  this  change? 

DISTANCE  BETWEEN  BACKS  OF  FLANGES. 
Page  357,  Proceedings  1907. 

The  Committee  on  Revision  of  Standards  recommends  that 
the  dimensions  shown  under  this  item  on  page  357,  be  applicable 
to  steel-tired  wheels,  either  engine  truck,  driver  or  tender  wheels. 

4.  Are  you  in  favor  of  this  change  ? 

GAUGES  FOR  CAST-IRON  WHEELS. 

The  Committee  on  Revision  of  Standards  recommends  that  the 
gauges  shown  below,  which  are  the  same  as  those  shown  on  pages 
239,  240  and  241  of  the  Master  Car  Builders'  Proceedings  for 
1907,  except  as  modified  to  conform  to*  those  proposed  in  1908, 
be  made  a  standard  and  used  when  cast-iron  wheels  are  applied 
to  engine  and  tender. 
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CTHOO  or  GAUQlNq   WORM  FLANqCS. 


MCTHOD  OF  QAUQINQ  WORN  FLANQCS. 


METHOD  OrqAUQINQ  CHIPPED  RIMS. 
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5.     Are  you  in  favor  of  these  additions? 


LIMIT  GAUGES  FOR  ROUND  IRON. 

The  Committee  on  Revision  of  Standards  recomrnends  that 
the  figures  shown  in  the  table  on  page  357,  and  the  illustration  of 
gauges,  pages  357  and  358,  be  maintained,  with  the  addition  of 
limits  of  measurements  of  iron  from  i^  inches  up  to  1%  inches 
in  diameter,  as  follows : 


Nominal  Diameter 

Large  Site  End, 

Small  Sise  End. 

Total  Variation, 

of  Rim,  Inches. 

Inches. 

Inches. 

Inches. 

If 

1.3860 

1.3640 

.022 

1* 

1.5115 

1.4885 

.023 

i| 

1.6370 

1.6130 

.024 

H 

1.7625 

1.7375 

.025 

1* 

1.8880 

1.8620 

.026 

Round  iron  2  inches  in  diameter  and  over,  should  be  rolled  to 
the  nominal  diameter. 

6.     Are  you  in  favor  of  the  above  additional  limits  of  meas- 
urements ? 
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DRIVING-WHEEL  CENTERS. 

The  Committee  on  Revision  of  Standards  recommends  tliat 
the  various  sizes  of  wheel  centers  given  in  previous  report  be 
maintained  as  standard,  as  follows: 


38  inches 

66  inches 

78  inches 

44   " 

70   " 

82  " 

50   " 

72   " 

86  " 

S6   " 

74   " 

90   " 

62   " 

7.     Are  you  in  favor  of  maintaining  these  standards  ? 


SECTION  OF  TIRES. 

The  Committee  on  Revision  of  Standards  recommends  that 
the  radius  of  throat  and  taper  of  tread  of  tire  for  steel-tired 
wheels  shown  on  Plate  i  be  changed  on  tread  to  conform  with  the 
tread  of  wheels  shown  on  Sheet  J,  Master  Car  Builders'  Proceed- 
ings for  1907. 

8.     Are  you  in  favor  of  the  above  change  ? 


SHRINKAGE  ALLOWANCE  OF  TIRES. 

The  Committee  on  Revision  of  Standards  recommends  that 
the  shrinkage  of  tires  should  be  on  a  uniform  and  proportionate 
basis,  and  that  the  dimensions  shown  in  the  diagram  below,  allow- 
ing 1-80  inch  per  foot  in  diameter  of  38-inch  centers,  and  1-60 
inch  per  foot  in  diameter  of  90-inch  centers,  be  adopted. 
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g.    Are  you  in  favor  of  these  dimensions? 


STANDARD  MASTER  GAUGES  FOR  TURNING  WHEEL 
CENTERS  AND  BORING  TIRES. 

The  Committee  on  Revision  of  Standards  recommends  the 
above  heading  for  tire  and  wheel  center  gauges,  and  that  the 
illustration  for  these  gauges  be  made  to  include  the  dimensions 
for  all  the  standard  wheel  centers  and  tires,  as  shown  on  next 
page. 


M-23 
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10.     Are  you  in  favor  of  these  changes? 

BRIGGS'  STANDARD  WROUGHT-IRON  PIPE  AND 
THREADS. 

Pages  386,  387. 

The  Committee  on  Revision  of  Standards  recommends  that 
this  subject  be  combined  with  the  one  following,  to  read  as  fol- 
lows : 

STANDARD  DIMENSIONS  AND  THREADS  OF  WROUGHT  PIPE, 

(The  words  "wrought  pipe"  in  the  above  heading  to  include  wrought 
iron  and  steel  pipe.) 
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The  dimensions  of  pipe  and  threads  shown  in  the  present 
printed  table  agrees  with  all  manufacturers'  lists,  with  the  excep- 
tion of  the  actual  inside  diameter  of  the  following  sizes  of  pipe: 


H  inch 

I 

inch 

8  inches 

H    '' 

2J^ 

\  inches 

9      " 

V2    " 

3 

** 

10      " 

which  are  shown  to  be  .001  of  an  inch  larger  in  diameter  than  the 
manufacturers'  list.  It  is  recommended  that  the  list  be  reprinted 
and  that  it  include  11 -inch  and  12-inch  pipe,  as  follows: 


--    —    —    —            -       —    —          -               — 



— 

— . 

DIAMETER  OF  TUBE. 

SCREWED  ENDS. 

Thickness 

of 

Metal. 

Nominal               Actual 
Inside.        1        Inside. 

Actual 
Outside. 

Number  of 
Threads 
per  Inch. 

Length  of 
Perfect 
Screw. 

Inches.                Inches. 

Inches. 

Inches. 

No. 

Inch. 

t           1           .269 

0.405 

0.068 

27 

0.19 

i 

.364 

0.540 

0.088 

18 

0.29 

f 

.493 

0  675 

0.091 

18 

0.30 

h 

.622 

0.840 

0.109 

14 

0.39 

\ 

.824 

1.050 

0.113 

14 

0.40 

1 

1.047 

1.315 

0.134 

lU 

0.51 

u 

1.380 

1.660 

0.140 

Hi 

0  54 

li 

1  610 

1.900 

0.145 

lU 

0.55 

2 

2.067 

2.375 

0  154 

\\h 

0.58 

2i 

2.467 

2.875 

0.204 

8 

0  89 

3 

3.066 

3.500 

0.217 

8 

0.95 

3i 

3.W8 

4.000 

0.226 

8 

1.00 

4 

4.026 

4.600 

0.237 

8 

1.05 

4i 

4.608 

5.000 

0.246 

8 

1.10 

'       5 

5.045  , 

5.563 

0.259 

8 

1.16 

6 

6.065 

6.625 

0.280 

8 

1.26 

7 

7.023 

7.626 

0.301 

8 

1.36 

8 

7.981 

8  625 

0.322 

8 

1.46 

9 

8.937 

9.625 

0  344 

8 

1.57 

10 

10.018 

10.750 

0.366 

8 

1.68 

11 

11.000 

11.750 

0  375 

8 

1.79 

12 

12.000 

12.750 

0.375 

8 

1.90 

II.     Are  you  in  favor  of  these  changes? 

AXLES. 

Page  388. 

The  Committee  on  Revision  of  Standards  recommends  that 
this  item  be  changed  to  read : 
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AXLES  FOR  LOCOMOTIVE  TENDERS, 

That  the  dimensions  of  axles  shown  in  Plate  I  be  made  to  con- 
form to  the  latest  Master  Car  Builders'  dimensions  for  axles  for 
corresponding  capacity  and  that  Plate  I  be  changed  accordingly. 

12.  Are  you  in  favor  of  this  change? 

That  the  specifications  and  tests  prescribed  for  axles  by  the 
Master  Car  Builders'  Association  be  adopted  as  standard. 

13.  Are  you  in  favor  of  this  addition  to  our  standards? 


JOURNAL  BOX  BEARING  AND  PEDESTAL. 

Page  388,  Plate  14. 

The  Committee  on  Revision  of  Standards  recommends  that 
the  pedestal  for  passenger  cars  with  3H  by  7-inch  journals, 
shown  on  Plate  14,  and  referred  to  in  the  first  paragraph  of  above 
heading,  be  omitted. 

14.  Are  you  in  favor  of  this  omission? 

That  the  journal  boxes  and  contained  parts  for  journals  3^ 
by  7  to  5 J4  by  10  inches  be  made  to  conform  to  the  Master  Car 
Builders'  standards. 

15.  Do  you  favor  these  changes? 

CAST-IRON  WHEELS. 

The  Committee  on  Revision  of  Standards  recommends  that 
the  form  of  contract  shown  on  page  398  be  eliminated  from  the 
standards. 

16.  Do  you  favor  this  elimination? 

That  the  service  guarantee  for  cast-iron  wheels,  shown  on 
page  399,  be  eliminated  from  the  standards. 

17.  Do  you  favor  this  elimination? 
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That  the  designs,  specifications,  etc.,  for  cast-iron  wheels  be 
made  the  same  as  the  Master  Car  Builders'  standards. 

1 8.    Do  you  favor  these  changes? 

The  question  to  be  decided  is:    Do  you  favor  the  adoption, 
as  standard  of  the  recommendations  outlined  in  the  preceding 
eighteen  paragraphs  ?     Answer  "  Yes  "  or  "  No  "  on  inclosed 
voting  slip  and  return  same  to  the  undersigned. 

JOSEPH  W.  TAYLOR, 

Secretary. 
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LETTER-BALLOT  VOTING  SLIP. 

Ballots  are  to  be  cast  by  writing  **  Yes  "  or  "  No  "  opposite  the 
question  on  this  sheet  and  mailing  it  to  the  Secretary,  390  Old 
Colony  Building,  Chicago,  111.  Ballots  will  be  counted  Septem- 
ber 5,  1908,  and  all  ballots  received  after  that  date  will  be 
excluded  from  the  count. 

t.  Apprenticeship  principles.  

2.  Screw  threads,  bolts  and  nuts.  

3.  Rough  heads  for  bolts.  

4.  Distance  between  backs  of  flanges.  

5.  Gauges  for  cast-iron  wheels.  

6.  Limit  gauges  for  round  iron.  

7.  Driving  wheel  centers.  

8.  Section  of  tires.  

9.  Shrinkage  allowance  of  tires.  

10.  Gauges  for  turning  wheel  centers  and  boring  tires.  

11.  Dimensions  and  threads  for  wrought  iron  pipe.  

12.  Axles  for  locomotive  tenders.  

13.  Specifications  and  tests  for  axles.  
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14.  Omission  of  pedestal  drawings. 

15.  Journal  boxes  for  3^  by  7  to  5}^  by  lo-inch  journals. 

16.  Elimination  of  form  of  contract  for  wheels. 

17.  Elimination  of  guarantee  for  wheels. 

18.  Addition  of  designs,  specifications,  etc.,  for  wheels. 

(Name)   

(Title  and  Road)  

(Address)    
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RESULT  OF  LETTER  BALLOT. 


To  the  Members  : 

The  letter  ballot  which  closed   September  5,    1908,  resulted 
as  follows : 


No. 


Subject. 


Yei. 

No. 

Total. 

■wy  to 
AdoptTa 

118 

15 

133 

89 

135 

135 

90 

122 

i2 

134 

89 

126 

5 

131 

87 

132 

3 

135 

90 

133 

2 

135 

90 

134 

1 

135 

90 

122 

11 

133 

89 

128 

8 

136 

91 

129 

7 

136 

91 

126 

7 

133 

89 

134 

2 

136 

91 

132 

3 

135 

90 

129 

3 

132 

88 

132 

132 

88 

124 

7 

131 

87 

119 

12 

131 

87 

127 

5 

132 

88 

RmuIU 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 

12 
13 
14 
15 

16 

17 

18 


Apprenticeship  principlefl  . . . 
Screw  threads,  bolts  and  nuts. 

Rough  heads  for  bolts 

Distance  between  backs  of  flanges 
Gauges  for  cast  iron  wheels, 
limit  gauges  for  round  iron 

Driving  wheel  centers 

Section  of  tires 

Shrinkage  allowance  of  tires 
Gauges  for  turning  wheel  centers 

and  boring  tires 

Dimensions  and  threads  for 

wrought  iron  pipe. 

Axles  for  locomotive  tenders. . 
Specifications  and  tests  for  axles 
Omission  of  pedestal  drawings. . 
Journal  boxes  f or  3|  by  7  to  5^  by 

10-inch  journals 

Elimination  of  form  of  contract  for 

wheels. 

Elimination    of    guarantee    for 

wheels. 

Addition  of  deagns,  specifications, 

etc.,  for  wheels  ....   


Adopted. 


JOS.  W.  TAYLOR, 

Secretary, 
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STANDARDS  ADOPTED  BY  THE  AMERICAN  RAILWAY 
MASTER  MECHANICS'  ASSOCIATION. 


SCRBW  THREADS,  BOLT  HEADS  AND  NUTS. 

At  the  convention  of  1870  the  report  of  a  committee  recommending 
the  United  States  Standard  Screw  Thread  was  adopted.  The  forms  and 
dimensions  of  the  threads  are  shown  below : 


JB^.l 


W%9  9 


ScEBW  Threads. 


Sellers'  Standard. 
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Mr.  Sellers,  who  proposed  this  system  of  screw  threads,  described  it 
in  an  essay  read  before  the  Franklin  Institute  of  Philadelphia,  April  21, 
1864,  as  follows: 

"  The  proportions  for  the  proposed  thread  and  its  comparative  rela- 
tion to  the  sharp  and  rounded  threads,  will  be  readily  understood  from 
the  accompanying  diagram  in  which  Figs,  i  and  2  —  the  latter  on  an 
exaggerated  scale  —  represent  a  sharp  thread,  Figs.  3  and  4  a  rounded 
top  and  bottom  to  the  English  proportion,  and  Figs.  5  and  6  the  fiat  top 
and  bottom,  all  of  the  same  pitch.  The  angle  of  the  proposed  thread  is 
fixed  at  sixty  degrees,  the  same  as  the  sharp  thread,  it  being  more  readily 
obtained  than  fifty-five  degrees;  and  more  in  accordance  with  the  general 
practice  in  this  country.  Divide  the  pitch,  or,  which  is  the  same  thing, 
the  side  of  the  thread  into  eight  equal  parts,  take  off  one  part  from  the  top 
and  fill  in  one  part  in  the  bottom  of  the  thread,  then  the  fiat  top  and  bottom 
will  equal  one-eighth  of  the  pitch;  the  wearing  surface  will  be  threes 
quarters  of  the  pitch,  and  the  diameter  of  screw  at  bottom  of  the  thread 
will  be  expressed  by  the  formula: 

1.299 

Diahxtter 

number  of  threads  per  inch: 

At  the  convention  of  1892  the  Association  adopted  as  standard  the 
United  States  standard  sizes  of  nuts  and  bolt  heads. 

At  the  convention  of  1903  the  arrangement  of  these  standards  was 
made  to  conform  to  the  arrangement  as  adopted  l>y  the  Master  Car  Build- 
ers' Association. 

The  accompanying  tables  are  reprinted  from  Mr.  Sellers'  essay.  They 
give  the  proportions  of  his  standard  screw  threads,  nuts  and  bolt  heads. 
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PROPORTIONS  FOR  SELLERS'  STANDARD  NUTS 
AND  BOLTS.    . 


Rough  Nut  s  one  and  one-half  diameter  of  bolt  +  i' 


xV4       Finished  Nut  =  one  and  one-half  diameter  of  bolt  +  f^. 


I  I     Rough  Nut  =  diameter  of  bolt 


DIO 


Finished  Nut  =  diameter  of  bolt — ^. 


xM       Rough  Head  =  one  and  one-half  diameter  of  bolt  +  \. 


P^yA       Finished  Head  =  one  and  one-half  diameter  of  bolt  +  A> 


Rough  Head  =  three-quarter  times  diameter  of  bolt  +  1-16. 


w 


Finished  Head  =  diameter  of  bolt — i^. 


SQUARE  BOLT    BEADS. 

In  1899  the  following  dimensions  for  square  bolt  heads  were  adofn^ 
as  standard: 

The  side  of  the  head  shall  be  one  and  one-half  times  the  diameter  of 
the  bolt,  and  the  thickness  of  the  head  shall  be  one-half  the  side  of  the 
head. 
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UMXT  GAUdS  FOR  BOUND  IRON. 

At  the  convention  of  1884  the  Pratt  ft  Whitnqr  limit  gauges  for  round 
iron,  shown  below,  were  adopted  as  standard.  (See  page  168,  report  1884.) 
Reaffirmed  1891  (see  pages  160,  161,  report  1891). 


NoHDTAL  DuMinB.      Ov  Ibon.      Ikcrm. 


J- 
ft 

I 

I 


•-^«- 

SmmDBiM. 
End. 

ToUlVarift- 
tion. 

Ineh«. 

IiiefaM. 

Inohei. 

.2560 

.2450 

.010 

.3180 

.3070 

.011 

.3810 

.3690 

.012 

.4440 

.4310 

.013 

.5070 

.4930 

.014 

.5700 

.5550 

.015 

.6330 

.6170 

.016 

.7585 

.7415 

.017 

.8840 

.8660 

.018 

1.0095 

.9905 

.019 

1.1360 

1.1150 

.020 

1.2605 

1.2395 

.021 

1.3860 

1.3640 

.022 

1.5115 

1.4885 

.023 

1.6370 

1.6130 

.024 

1.7625 

1.7375 

.025 

1.8880 

1.8620 

.026 

Round  iron  2  inches  in  diameter  and  over  should  be  rolled  to  the 
nominal  diameter. 


DISTANCE  BETWEEN  BACKS  OP  FLANGES  OF  STEEL-TIRED  ENGINE  TRUCK,  DRIVER 
OR  TENDER  WHEELS. 

At  the  convention  of  1884  a  motion  prevailed  that  the  standard  dis- 
tance between  the  backs  of  tires  for  tender  locomotive  truck  and  driving 
wheels  be  not  less  than  4  feet  5H  inches,  nor  more  than  4  feet  5^  inches. 
(See  page  26,  report  1884.}  Modified  in  1903.  See  report  of  Committee 
on  Revision  of  Standards. 

In  1908  the  above  standard  was  made  applicable  to  steel-tired  engine 
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truck,  driver  or  tender  wheels.    For  gauges  for  cast-iron  wheels  see  plates 
14  and  15. 

GAUGES    FOR    CAST   IRON    WHEELS. 

In  1908  a  wheel-defect  gauge  and  maximum  flange-thickness  gauge, 
also  method  of  gauging,  were  adopted  as  standard,  to  be  used  when  cast- 
iron  wheels  are  applied  to  engine  and  tender.    See  Sheet  M.  M.  14. 

SECnON    OP    TIRS. 

At  the  convention  of  1893  the  forms  of  tires  shown  on  Plate  i  were 
adopted  as  standard.  Railroad  companies  ordering  tires  will  save  time 
by  specifying  these  forms. 

In  1908  the  section  of  tire  was  modified,  as  shown  on  Sheet  M.  M.  l. 

DRIVING    WHEEL  CENTERS    AND   SIZES   OF  TIRES. 

At  the  convention  of  1886  the  report  of  a  committee  was  adopted  which 
recommended  driving-wheel  centers  to  be  made  38,  44,  50,  56,  62  or  66 
inches  diameter. 

In  1893  the  following  sizes  were  added  to  the  standards :  70,  74,  78,  82, 
86  and  90  inches. 

In  1907,  as  a  result  of  letter  ballot,  ^2  inches  was  adopted  as  a  stan- 
dard size. 

SHRINKAGE  ALLOWANCES  FOR  TIRES. 

In  1907,  as  a  result  of  letter  ballot,  the  following  shrinkage  allowances 
were  adopted  as  standard: 

For  cast-iron  and  cast-steel  centers  less  than  66  inches  in  diameter, 
1-80  inch  per  foot  in  diameter. 

For  cast-iron  and  cast-steel  centers  66  inches  and  over  in  diameter, 
1-60  inch  per  foot  in  diameter. 

In  1908  the  dimensions  shown  in  diagram  below  were  adopted  as  stand- 
ard, allowing  1-80  inch  per  foot  in  diameter  of  38-inch  centers,  and  1-60 
inch  per  foot  in  diameter  of  90-inch  centers. 
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STANDARD  MASTER  GAUGES  FOR  TURNING  WHEEL  CENTERS  AND  BORING  TIRES. 

At  the  Twentieth  Annual  Convention  the  recommendations  of  a  com- 
mittee were  adopted,  making  tire  gauges  manufactured  by  Messrs.  Pratt 
&  Whitney,  Hartford,  Connecticut,  standards  of  the  Association. 

In  1908  the  illustrations  of  the  gauges  were  made  to  include  the  dimen- 
sions for  all  the  standard  wheel  centers  and  tires. 


ccn: 


li 


TmSTcElnSrsaSSF' 


-7d'» 


STA/iOflfiD  0(i5ioe  amm,  or  fjRe 


373603" 

.^z.^sos^ 

.'49.9^foe'' 

^6.9508* 

.  e/'3209'' 

_6S9/4^' 

.  es^o?^^ 

.   7/.  90^S' 

.   7a 90/2' 

_  77.8947' 

o/.aea/' 

^esaaie" 
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SPOKES. 

In  1907,  as  a  result  of  letter  ballot,  the  following  standards  were 
adopted  : 

In  order  to  properly  support  the  rim  and  resist  the  tire  shrinkage, 
spokes  should  be  placed  from  12  to  13  inches  apart  from  center  to  center, 
measured  on  the  outer  circumference  of  the  wheel  center. 

Spokes  at  crank  hub  should  not  be  located  at  center  line  of  wheel, 
but  on  either  side,  so  as  not  to  bring  a  short  spoke  direclly  in  line  with 
crank-pin  hub.     Section  of  spokes  at  large  end  to  have  an  area. of  from 


Digitized  by  VjOOQIC 


368 


I- 


A/d/fl^AL    SPOHE  6£CTtONi. 


nG.2. 

9  to  10  inches,  with  form  as  shown  in  Fig.  i.  Section  of  spoke  at  small 
end  to  have  an  area  of  from  5^  to  6  inches,  with  form  as  shown  in  Fig. 
2.  The  sections  shown  herewith  are  taken  at  the  base  of  the  fillets  unit- 
ing the  spoke  to  the  hub  and  rim. 

DRIVING-WHEEL  CENTERS. 

In  1907  the  following  standards  were  adopted  by  letter  ballot: 

Cast-steel  driving-wheel  centers  should  preferably  be  uncut  and 
shrinkage  slots  omitted;  if  cut,  slots  should  be  machined  out  and  closed 
with  solid  cast-iron  liners  driven  in.  No  lead  or  white  metal  should 
be  used. 

For  wheel  centers  60  inches  and  over,  when  the  permissible  total 
weight  of  the  locomotive  will  allow,  the  rims  should  preferably  be  cast 
solid  without  cores,  so  as  to  obtain  the  maximum  section  and  have  full 
bearing  of  tires;  the  section  in  square  inches  should  be  approximately 
.45  of  the  sectional  area  of  the  tire  when  new. 

The  section  of  rim  for  wheel  centers  without  retaining  rings  shall 
be  of  the  form  shown  below: 
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^ 


H' 


'^1   r/G.  3. 

The  standard  distance  between  hubs  shall  be,  55  inches. 


SPECIFICATION  FOR  BOILER  AND  FIRE-BOX  STEEL. 
MADE  BY  THE  OPEN  HEARTH   PROCESS. 
Adopted  in  1894.    Revised  1904. 

I.    SPECIAL  REQUIREMENTS  FOR  SHELL  SHEETS. 

This  grade  of  steel  is  known  to  the  trade  as'  flange  or  boiler  steel 
The  desired  tensile  strength  is  60,000  pounds  per  square  inch,  with  mini- 
mum and  maximum  limits  55,000  and  65,000  pounds.  The  elongation  in 
eight  inches  shall  not  be  less  than  twenty-five  per  cent  for  sheets  three- 
quarters  of  an  inch  thick  or  under.  For  thicker  sheets,  deduct  one  per 
cent  from  specified  elongation  for  each  one-eighth  inch  additional  thick- 
ness. 

M-24 
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2.  CHEMICAL  REQUIREMENTS  FOR  SHELL  SHEETS. 

Percent 

Phosphorus  shall  not  exceed  (acid) 0.06 

Phosphorus  shall  not  exceed  (basic) 0.04 

Sulphur  shall  not  exceed 0.05 

Manganese  0.30  to  0.60 

3.  SPECIAL  REQUIREMENTS  FOR  FIRE-BOX  STEEL 

The  desired  tensile  strength  is  57,000  pounds  per  square  inch,  with 
minimum  and  maximum  limits  52,000  and  62,000  pounds.  The  elongation 
in  eight  inches  shall  not  be  less  than  twenty-six  per  cent. 

4.     CHEMICAL  REQUIREMENTS   FOR   FIRE-BOX   SHEETS. 

Percent 

Carbon    ais  to  0.25 

Phosphorus  shall  not  exceed  (acid) 0.04 

Phosphorus  shall  not  exceed  (basic) 0.03 

Sulphur  shall  not  exceed 0.04 

Manganese  0.30  to  0.50 

GENERAL  REQUIREMENTS. 

5.    BENDING  TESTS. 

Test  specimens  for  this  purpose  shall  be  i}4  inches  wide,  and  for 
material  ^  inch  or  less  in  thickness  shall  be  of  the  same  thickness  as  that 
of  the  finished  sheet.  For  sheets  more  than  ^  inch  thick,  the  bending- 
test  specimen  may  be  J4  inch  thick.  The  sheared  edges  of  bending-test 
specimens  may  be  milleid  or  planed.  The  cold  bending  test  shall  be  made 
on  the  material  in  the  condition  in  which  it  is  to  be  used.  The  specimen 
for  quench  bending  test  shall  be  heated  to  a  light  cherry  red,  as  seen  in 
the  dark,  and  quenched  in  water  having  a  temperature  between  80^  and  90^ 
F.  Boiler  steel  and  fire-box  steel,  before  and  after  quenching,  shall  bend 
cold  180®  flat  on  itself  without  fracture  on  the  outside  of  the  bent  portion. 
The  bending  test  may  be  made  by  pressure  or  by  blows.  One  cold  bending 
specimen  and  one  quenched  bending  specimen  will  be  furnished  from  eadi 
plate  as  it  is  rolled.  The  homogeneity  tests  for  fire-box  steel  shall  be 
made  on  one  of  the  broken  tensile  test  specimens. 

6.    SPECIMENS  FOR  TENSILE  TEST. 

Two  tensile  test  specimens  will  be  furnished  from  each  plate  as  it  is 
rolled.  The  standard  test  specimen  of  8-inch  gauged  length  shall  be  used 
for  the  tensile  test  The  standard  shape  of  the -test  specimens  shall  be 
as  shown  by  the  following  sketch: 
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7.    HOMOGENEITY  TEST. 

The  homogeneity  test  for  fire-box  steel  is  made  as  follows :  A  portion 
of  the  broken  tensile  test  specimen  is  either  nicked  with  a  chisel  or  grooved 
on  a  machine,  transversely  about  a  sixteenth  of  an  inch  deep,  in  three 
places  about  two  inched  apart  The  first  groove  should  be  made  on  one 
side,  two  inches  from  the  square  end  of  the  specimen;  the  second,  two^ 
inches  from  it  on  the  opposite  side,  and  the  third,  two  inches  from  the  last 
and  on  the  opposite  side  from  it.  The  test  specimen  is  then  put  in  a  vise, 
with  the  first  groove  about  a  quarter  of*  an  inch  above  the  jaws,  care 
being  taken  to  hold  it  firmly.  The  projecting  end  of  the  test  specimen  is 
then  broken  off  by  means  of  a  hammer,  a  number  of  light  blows  being 
used,  and  the  bending  being  away  from  the  s^'oove.  The  specimen  is 
broken  at  the  other  two  grooves  in  the  same  way.  The  object  of  this 
treatment  is  to  open  and  render  visible  to  the  eye  any  seams  due  to  failure 
to  weld  up,  or  to  foreign  interposed  matter,  or  cavities  due  to  gas  bubbles 
in  the  ingot  After  rupture,  one  side  of  each  fracture  is  examined,  a 
pocket  lens  being  used  if  necessary,  and  the  length  of  the  seams  and  cavities 
is  determined.  The  broken  specimen  shall  not  show  any  single  seam  or 
cavity  more  than  %  inch  long  in  either  of  the  three  fractures. 

«.    VARIATION  IN  WEIGHT. 

The  variation  in  cross  section  or  weight  of  more  than  two  and  one- 
half  per  cent  from  that  specified  will  be  sufficient  cause  for  rejection, 
except  in  the  case  of  sheared  plates,  which  will  be  covered  by  the  follow- 
ing permissible  variations: 

Plates  12^  pounds  per  square  foot  or  heavier,  up  to  loo  Inches  wide, 
when  ordered  to  weight,  shall  not  average  more  than  2}i  per  cent  vari- 
ation above  or  2^  per  cent  below  the  theoretical  weight  When  100  inches 
wide  and  over  five  per  cent  above  or  five  per  cent  below  the  theoretical 
weight 

Plates  under  12^  pounds  per  square  foot,  when  ordered  to  weight, 
shall  not  average  a  greater  variation  than  the  following: 
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Up  to  75  inches  wide,  2}i  per  cent  above  or  2^  per  cent  below  the 
theoretical  weight.  Seventy-five  inches  wide  up  to  100  inches  wide,  five 
per  cent  above  or  three  per  cent  below  the  theoretical  weight  When  100 
inches  wide  and  over,  ten  per  cent  above  or  three  per  cent  below  the  the- 
oretical weight. 

For  all  plates  ordered  to  gauge  there  will  be  permitted  an  average 
excess  of  weight  over  that  corresponding  to  the  dimensions  on  the  order 
equal  in  amount  to  that  specified  in  the  following  table: 

9.    TABLE  OF  ALLOWANCES  FOR  OVERWEIGHT  FOR  RECT- 
ANGULAR PLATES  WHEN  ORDERED  TO  GAUGE. 

Plates  will  be  considered  up  to  gauge  if  measuring  not  over  i-ioo  inch 
less  than  the  ordered  gauge. 

The  weight  of  i  cubic  inch  of  rolled  steel  is  assumed  to  be  0.2833  pound. 

Plates  }4  Inch  and  over  in  Thickness. 


Width  of  plate. 

Thick  neM  of  plate 

Up  to  75 

75  to  ICO 

Over  xoo 

Over  1x5 

inches. 

inches. 

inches. 

inches. 

Inch. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

1/4 

10 

14 

18 

.... 

5/16 

8 

12 

16 

.... 

3/8 

7 

10 

13 

17 

7/16 

6 

8 

10 

13 

1/2 

5 

7 

9 

12 

9/16 

4  1/2 

6  1/2 

8  1/2 

II 

5/8 

4 

6 

8 

10 

Over  5/8 

3  1/2 

5 

6  1/2 

9 

Plates  under  }(  inch  in  Thickness. 

Width  of  plate. 


Thickness  of  plate. 

Up 

to  so  inches. 

50 

inches  and  above. 

Inch. 

Per  cent 

Per  cent. 

1/8  Up  to  5/32  • 

10 

15 

5/32     "       3/16 

8  1/2 

12   1/2 

3/16     **       1/4 

7 

10 

ID.    BRANDING. 
Each  sheet  shall  be  stamped  with  the  melt  ntmiber  and  maker's  name. 
and  the  test  specimens  cut  from  it  shall  be  stamped  with  separate  identify- 
ing marks  or  numbers,  as  may  be  specified  by  the  purchaser. 

II.    INSPECTION. 
The  inspector,  representing  the  purchaser,  shall  have  all  reasonable 
facilities  afforded  to  him  by  the  manufacturer  to  satisfy  him  that  the  fin- 
ished material  is  furnished  in  accordance  with  these  specifications. 
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SPECIFICATIONS   FOR   IRON   LOCOMOTIVE   BOILER   TUBES. 
Adopted  in  1894.    Revised  June,  1904. 

1.  Tubes  are  to  be  made  of  knobbled,  hammered  charcoal  iron,  lap- 
welded. 

2.  Tubes  must  be  of  uniform  thickness  throughout,  except  at  weld, 
where  an  additional  thickness  of  .015  will  be  allowed.  They  must  be  cir- 
cular within  .02  inch,  and  the  mean  diameter  must  be  withip  .015  inch  of 
the  size  ordered.  They  must  be  within  .01  inch  of  the  thickness  specified 
and  not  less  than  the  length  ordered,  but  may  exceed  this  by  .125  inch. 

3.  The  minimum  weights  for  tubes  of  various  diameters  and  thick- 
nesses are  given  in  the  following  table : 


Outside  Diameter. 


Nominal 
B.  W.  G. 


Thickness 
M.  M.G. 


Minimum 
weight 
per  foot. 


i^  inch. 
2  inch . . . 

2X  inch. 
2^4  inch. 


No.  13 

*•  12 

*•  II 

"  10 

"  13 

•*  12 

"  II 

'*  10 

*'  13 

*•  12 

••  II 

•*  10 

•*  12 

•*  II 

••  10 


Inches. 

095 
IIO 

125 
135 

095 

IIO 

125 
135 

095 

.110 

125 
.135 

.110 

.125 

.135 


Lbs. 
1.65 

1.89 
2.07 
2.29 


91 
17 
38 
64 


2.16 
2.46 
2.70 
2.99 


2.73 
3.02 

3  37 


SURFACE  INSPECTION. 

4.  Tubes  must  have  a  smooth  surface,  free  from  all  laminations, 
cracks,  blisters,  pits  and  imperfect  welds.  They  must  be  free  from  bends, 
kinks  and  buckles,  and  from  evidence  of  unequal  contraction  in  cooling  or 
injury  in  manipulation. 

PHYSICAL  TESTS. 

5.  Bending  Tests. —  Strips  14  inch  in  width  by  6  inches  in  length, 
planed  lengthwise  from  tubes,  after  having  been  heated  to  a  cherry  red  and 
quenched  in  water  at  80°  F.,  shall  bend  in  opposite  directions  at  each  end,  as 
shown  in  sketch  below,  without  cracks  or  flaws,  and  when  nicked  and 
bfx>ken  by  slight  blows,  these  strips  must  show  a  fracture  wholly  fibrous. 
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6.  Expanding  Test.—  Sections  of  tubes  12  inches  long  shall  be  heated 
a  length  of  5  inches  to  a  bright  cherry  red  in  daylight  and  then  placed 
in  a  vertical  position  and  a  smooth  taper  steel  pin  at  blue  heat  will  be 
driven  into  the  end  of  tne  tube  by  light  blows  of  a  lo-pound  hammer. 
Under  this  test  the  tube  must  stretch  to  i^  times  its  original  diameter 
without  splitting  or  cracking.  The  pin  used  shall  be  of  tool  steel  tapered 
13^  inches  to  the  foot  In  making  this  test,  care  must  be  taken  to  see  that 
the  end  of  the  tube  is  smoothly  trimmed. 

7.  One  tube  is  to  be  tested,  as  required  in  paragraphs  5  and  6.  in  each 
lot  of  250  tubes  or  less. 

8.  Crushing  Test. —  A  section  of  tube  2^  inches  long,  when  placed 
vertically  on  the  anvil  of  a  steam  hammer  and  subjected  to  a  series  of 
light  blows,  must  crush  to  a  height  of  i|^  inches  without  splitting  in  either 
direction  and  without  cracking  or  bending  at  weld. 

9.  Hydraulic  Test. —  Before  shipping,  each  tube  must  be  tested  tqr 
manufacturer  to  500  pounds  per  square  inch,  and  each  tube  must  be  plainly 
marked  in  the  middle :  "  Knobbled  charcoal,  tested  to  500  pounds  pressure." 

10.  In  addition  to  the  above  tests,  tubes  which,  when  inserted  into 
boilers,  split  or  break  while  being  expanded  or  beaded,  and  also  individual 
tubes  which  fail  to  pass  surface  inspection  will  be  rejected  and  returned  to 
the  makers  at  their  expense. 

11.  Etching  Test. —  In  case  of  doubt  as  to  the  quality  of  material, 
the  following  test  shall  be  made  to  detect  the  presence  of  steel.  A  section 
of  tube,  turned  or  ground  to  a  perfectly  true  surface  on  the  end,  will  be 
polished  free  from  dirt  or  cracks,  and  the  end  of  the  tube  will  he  suspended 
in  a  bath  of  nine  parts  water,  three  parts  sulphuric  acid  and  one  part  hydro- 
chloric acid.  The  bath  will  be  prepared  by  placing  water  in  a  porcelain  dish, 
adding  the  sulphuric  and  then  the  hydrochloric  acid.  The  chemical  action 
must  be  allowed  to  continue  until  the  soft  parts  are  sufficiently  dissolved 
so  that  the  iron  tube  will  show  a  decided  ridged  surface,  with  the  weld 
very  distinct,  while  the  steel  tube  will  show  a  homogeneous  surface. 


SPECIFICATION  FOR  SEAMLESS,  COLD  DRAWN  STEEL  LOCO- 
MOTIVE BOILER  TUBES. 

I.  Tubes  are  to  be  cold  drawn,  seamless  and  made  of  open  hearth 
steel.  It  is  desired  that  the  steel  from  which  the  tubes  are  manufactured 
should  have  the  following  chemical  composition: 
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Percent 

Carbon 1$  to  ao 

Manganese  ^5  to  .55 

Sulphur,  below  03 

Phosphorus,  below  .03 

Tubes  containing  more  than  .03  phosphorus  or  sulphur  will  be  re- 
jected. 

2.  Tubes  must  be  of  uniform  thickness  throughout.  They  must  be 
circular  within  .02  of  an  inch  and  the  mean  diameter  must  be  within 
.015  inch  of  the  size  ordered.  Theyi  must  be  within  .01  inch  of  the 
thickness  specified  and  not  less  than  the  length  ordered,  but  may  exceed 
this  by  .125  inch.    They  must  be  free  from  bends,  kinks  and  buckles. 

3.  The  minimum  weights  of  the  tubes  of  various  diameters  and 
thicknesses  are  given  in  the  following  table: 


Outside  Diamktbr. 


Nominal 
B.  W.  G. 


Thickness 
M.  M.  G. 


Minimttm 
weight 
per  toot. 


iJICinch 


2  inch. 


2)(  inch 


2^  inch 


No.  13 

**  12 

**  u 

*•  10 

'•  13 

'•  12 

*•  II 

**  10 

::  ^3 

"  12 

•*  II 

*'  10 

•*  12 

**  II 

"  10 


Inches. 

.095 

.110 

.125 

135 

.095 
.110 
.125 
•135 

.095 
.110 
.125 
.135 

.110 
.125 
•135 


1.69 
1.92 

2.15 
2.29 

I.91 
2.19 
2.47 
2.65 

2.16 
2.48 
2.80 
3.01 

2.73 
304 
341 


PHYSICAL  TESTS. 

4.  Bending  Test.— Strips  J4  inch  in  width  by  6  inches  in  length, 
planed  lengthwise  from  tubes,  after  having  been  heated  to  a  cherry  red 
and  quenched  in  water  at  80  degrees  F.,  shall  bend  in  opposite  directions 
at  each  end,  as  shown  in  sketch  below  without  cracks  or  flaws. 
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5.  Expanding  Test. —  Sections  of  tubes  12  inches  long  shall  be 
heated  a  length  of  five  inches  to  a  bright  cherry  red  in  daylight  and  then 
placed  in  a  vertical  position  and  a  smooth  taper  steel  pin  at  blue  heat  wiU 
be  driven  into  the  end  of  the  tube  by  light  blows  of  a  lo-pound  hammer. 
Under  this  test  the  tube  must  stretch  to  i^  tim^  its  original  diameter 
without  splitting  or  cracking.  The  pin  used  shall  be  of  tool  steel  tapered 
i^  inches  to  the  foot.  In  making  this  test  eye  must  be  taken  to  see  that 
the  end  of  the  tube  is  smoothly  trimmed. 

6.  Crushing  Test. —  A  section  of  tube  254  inches  long,  when  placed 
vertically  on  the  anvil  of  a  steam  hammer  and  subjected  to  a  series  of 
light  blows,  must  crush  to  a  height  of  il4  inches  without  splitting  in  either 
direction. 

7.  Flattening  Test. —  A  test  piece  of  tube  6  inches  long,  when 
flattened  lengthwise  cold  until  the  sides  are  separated  by  a  distance  equal 
to  the  gauge  of  the  tube,  must  not  show  any  splits  or  cracks. 

8.  One  tube  is  to  be  tested  as  required  in  paragraphs  4,  5,  6  and  7 
in  each  lot  of  250  tubes,  or  less. 

9.  Each  tube  must  be  subjected  by  the  manufacturer  to  an  internal 
pressure  of  1,000  pounds  to  the  square  inch  and  must  be  plainly  stencile<L 
"  Seamless  Steel  Tubes,  tested  to  1,000  pounds." 


SPECIFICATION   FOR   LOCOMOTIVE   DRIVING   AND   ENGINE 
TRUCK  AXLES. 

material. 

1.  Open-hearth  steel. 

chemical  requirements. 

2.  Phosphorus,  not  to  exceed 05  per  cent. 

Sulphur,  not  to  exceed 05  per  cent. 

Manganese,  not  to  exceed 60  per  cent 

physical  requirements. 

3.  Tensile  strength  —  not  less  than  80,000  lbs.  per  square  inch. 
Elongation  in  two  inches  —  not  less  than  20  per  cent. 
Reduction  in  area  —  not  less  than  25  per  cent. 

tests. 

4.  One  test  per  melt  will  be  required,  the  test  specimen  to  be  taken 
from  either  end  of  any  axle  with  a  hollow  drill,  half-way  between  the 
center  and  the  outside,  the  hole  made  by  the  drill  to  be  not  more  than  2 
inches  in  diameter  nor  more  than  4^  inches  deep.  The  standard  turned 
test  specimen,  ^  inch  in  diameter  and  2  inches  gauge  length,  shall  be  used 
to  determine  the  physical  properties.     (See  Fig.  i.) 
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Drillings  or  turnings  from  the  tensile  specimen  shall  be  used  to 
determine  the  chemical  properties. 

STAMPING   AND   MARKING. 

5.  Each  axle  must  have  heat  number  and  manufacturer's  name 
plainly  stamped  on  one  end,  with  stamps  not  less  than  H  inch  high,  and 
have  order  number  plainly  marked  with  white  lead. 

INSPECTION. 

6.  All  axles  must  be  free  from  seams,  pipes  and  other  defects,  and 
must  conform  to  drawings  accompanying  these  specifications. 

-  7.  Axles  must  be  rough-turned  all  over,  with  a  flat-nosed  tool,  cut 
to  exact  length,  have  ends  smoothly  finished  and  centered  with  sixty- 
degree  centers. 

8.  Axles  failing  to  meet  any  of  the  above  requirements,  or  which 
prove  defective  on  machining,  will  be  rejected. 

SPECIFICATIONS  FOR  LOCOMOTIVE  FORCINGS. 

MATERIAL. 

1.  Open-hearth  steel. 

CHEMICAL  REQUIREMENTS. 

2.  Phosphorus,  not  to  exceed .05  per  cent. 

Sulphur,  not  to  exceed 05  per  cent. 

Manganese,  not  to  exceed 60  per  cent. 

PHYSICAL  REQUIREMENTS. 

3.  Tensile  'strength  —  not  less  than  80,000  lbs.  per  square  inch. 
Elongation  —  not  less  than  20  per  cent  in  two  inches. 
Reduction  in  area  —  not  less  than  25  per  cent. 

TESTS. 

4.  One  test  per  melt  will  be  required,  the  test  specimen  to  be  trut 
cold  from  the  forging,  or  full-sized  prolongation  of  same,  parallel  to  the 
axis  of  the  forging  and  half-way  between  the  center  and  the  outside. 

5.  The  standard  turned  specimen,  ^  inch  in  diameter  and  2  inches 
gauge  length,  shall  be  used  to  determine  the  physical   properties.     (See 
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Fig.  I.)     Drillings  or  turnings  from  the  tensile  specimen  shall  he  used  to 
determine  the  chemical  properties. 

STAMPING  AND  MARKING. 

6.  Each  forging  must  haVe  heat  number  and  name  of  manu^cturer 
plainly  stamped  on  one  end  with  figures  not  less  than  yi  inch  high,  and  have 
order  number  plainly  marked  with  white  lead. 

INSPECTION. 

7.  All  forgings  must  conform  to  drawings  which  accompany  these 
specifications,  and  be  free  from  seams,  pipes  and  other  defects. 

8.  Any  forgings  failing  to  meet  any  of  the  above  requirements,  or 
which  prove  defective  on  machining,  will  be  rejected. 


SPECIFICATIONS   FOR    STEEL   BLOOMS   AND   BILLETS    FOR 
LOCOMOTIVE  FORGINGS. 

MATERIAL. 

1.  Open-hearth  steel. 

PHYSICAL  REQUIREMENTS. 

2.  Grade  "A": 

Tensile  strength,  70,000  lbs.  per  square  inch. 
Elongation  in  two  inches,  20  per  cent. 

3.  Grade  "B": 

Tensile  strength,  80,000  lbs.  per  square  inch. 
Elongation  in  two  inches,  17  per  cent. 

CHEMICAL  ANALYSIS. 

4.  Grade  "A": 

Carbon    25  to  .40  per  cent. 

Phosphorus,  not  to  exceed .06  per  cent. 

Sulphur,  not  to  exceed .06  per  cent. 

Manganese,  not  to  exceed .60  per  cent, 

5.  Grade  "B": 

Carbon    35  to  .'50  per  cent. 

Phosphorus,  not  to  exceed .05  per  cent. 

Sulphur,  not  to  exceed .05  per  cent. 

Manganese,  not  to  exceed .60  per  cent, 

TESTS. 

6.  One  test  per  melt  will  be  required,  the  test  specimen  to  he  cut  cold 
from  the  bloom,  parallel  to  its  axis  and  half-way  between  the  center  and 
the  outside.    The  standard  turned  test  specimen.  ^  inch  in  diameter  and 
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2  inches  gauge  length,  shall  be  used  to  determine  the  ph3rsical  properties. 
(See  Fig.  i.)  Drillings  or  turnings  from  the  tensile  specimen  shall  be 
used  to  determine  the  chemical  properties. 

STAMPING  AND  MARKING. 

7.  Each  bloom  or  billet  must  have  heat  number  and  manufacturer's 
name  plainly  stamped  on  one  end,  with  stamps  not  less  than  }i  inch,  and 
have  order  number  plainly  marked  with  white  lead. 

INSPECTION. 

8.  Blooms  and  billets  must  be  free  from  checks,  pipes  and  surface 
defects.  Any  blooms  or  billets  chipped  to  a  depth  greater  than  yi  inch 
will  be  rejected. 

9.  Any  billet  or  bloom  failing  to  meet  the  above  requirements  will  be 
rejected  and  held  subject  to  disposal  by  manufacturers. 

10.  Inspector  to  have  the  privilege  of  taking  drillings  from  the  center 
of  the  top  bloom  or  billet  of  the  ingot  in  order  to  determine  the  amount  of 
segregation. 

Grade  "  A  "  is  intended  for  rod  straps  and  miscellaneous  forgings. 
Grade  "  B  "  is  intended  for  driving  and  truck  axles,  connecting  rods, 
crank  pins  and  guides. 


SPECIFICATIONS   FOR   FOUNDRY   FIG  IRON. 

At  the  convention  of  1906  specifications  for  foundry  pig  iron  were  pro- 
posed, and  on  reference  to  letter  ballot  were  adopted  as  standard.  They 
are  as  follows: 

The  material  desired  under  this  specification  is  an  open-grain  foundry 
pig  conforming  to  and  graded  by  the  following  detail  specifications : 

Combined  carbon 40  to  .70  per  cent 

Manganese   40  to  .80  per  cent 

Phosphorus    40  to  .80  per  cent 

Sulphur,  not  over .06  per  cent. 

The  grades  are  determined  by  the  amount  of  silicon,  in  accordance 
with  the  attached  schedule: 

Grade  No.  i,  silicon 3.00  to  2.50  per  cent 

Grade  No.  2,  silicon 2.50  to  2.00  per  cent 

Grade  No.  3,  silicon 2.00  to  1.50  per  cent 

Grade  No.  4,  silicon 1.50  to  i.oo  per  cent 

Each  carload,  or  its  equivalent,  shall  be  considered  as  a  unit  At  least 
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one  pig  shall  be  selected  at  random  for  each  four  tons  of  every  carload 
and  so  as  to  fairly  represent  it. 

Drillings  shall  be  taken  so  as  to  fairly  represent  the  fracture  surface 
of  each  pig,  and  the  sample  analyzed  shall  consist  of  an  equal  quantity  of 
drillings  from  each  pig,  well  mixed  and  ground  before  analysis. 

In  case  of  disagreement  between  buyer  and  seller,  an  independent 
analyst,  to  be  mutually  agreed  upon,  shall  be  engaged  to  sample  and 
analyze  the  iron.  In  this  event  one  pig  shall  be  taken  to  represent  every 
two  tons. 

The  cost  of  this  sampling  and  analysis  shall  be  borne  by  the  buyer  if 
the  shipment  is  proved  up  to  specifications,  and  by  the  seller  if  otherwise. 

SPECIFICATIONS  FOR  LOCOMOTIVE  CYLINDER  CASTINGS, 
CYLINDER  BUSHINGS,  CYLINDER  HEADS,  STEAM  CHESTS, 
VALVE  BUSHINGS  AND  PACKING  RINGS. 

At  the  convention  of  1906  the  following  specifications  were  proposed, 
and  on  reference  to  letter  ballot  were  adopted  as  standard : 

The  material  used  in  such  castings  must  conform  to  the  following 
specifications : 

Silicon  1.25  to  1.60  per  cent. 

Phosphorus 50  to  .80  per  cent. 

Sulphur  06  to  .10  per  cent. 

Manganese   30  to  .60  per  cent. 

Combined  carbon 50  to  .70  per  cent. 

Graphite  carbon   2.75  to  3.25  per  cent. 

Tensile  strength,  25,000  lbs.  per  sq.  inch  minimum. 
Transverse  strength,  3,000  lbs.  minimum  on   i^-inch  round 

bar,  12  inches  between  supports. 
Deflection,  .10  inch  minimum  on  transverse  test. 
Shrinkage,  %  inch  in  i  foot  as  a  maximum. 
The  quality  of  the  iron  going  into  castings  under  specification  shall 
be  determined  by   means   of  the   "  arbitration   bar."     This  is   a  bar   iji 
inches  in  diameter  and  15  inches  long.    It  shall  be  prepared  as  stated  fur- 
ther on  and  tested  transversely.    The  tensile  test  is  not  recommended,  but 
in  case  it  is  called  for  it  may  be  made  from  any  of  the  broken  pieces  of 
the   transverse  test.     The  expense  of  the  tensile   test   shall   fall   on  the 
purchaser. 

The  tensile  test  piece  should  be  prepared  with  threaded  ends,  iji 
inches  iif  diameter,  and  with  a  central  neck  of  0.8  inch  diameter,  i  inch 
between  shoulders,  with  a  7-32-inch  radius  at  the  shoulders,  the  shoulders 
being  i  inch  in  diameter  and  %  inch  in  length  to  the  thread,  the  total 
length  of  piece  being  about  3^  inches. 

Two  sets  of  two  bars  shall  be  cast  from  each  heat,  one  set  from  the 
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first  and  the  other  set  from  the  last  iron  going  into  the  castings.  Where 
the  heat  exceeds  20  tons  an  additional  set  of  two  bars  shall  be  cast  for 
each  20  tons  or  fraction  thereof  above  this  amount.  In  case  of  a  change 
of  mixture  during  the  heat  one  set  of  two  bars  shall  also  be  cast  for 
every  mixture  other  than  the  regular  one.  Each  set  of  bars  is  to  go  in 
a  single  mold.  The  bars  shall  not  be  rumbled  or  otherwise  treated,  being 
simply  brushed  off  before  testing. 

The  transverse  test  shall  be  made  on  all  the  bars  cast  with  supports 
12  inches  apart,  load  applied  at  the  middle,  and  deflection  at  rupture 
noted.  One  bar  of  every  two  of  each  set  made  must  fulfil  the  require- 
ments to  permit  acceptance  of  the  castings  represented. 

The  bars  shall  be  molded  two  in  a  flask  and  cast  on  end ;  the  bottom 
of  the  bar  being  1-16  inch  smaller  in  diameter  than  the  top,  to  allow  for 
draft.  Pattern  shall  not  be  rapped  before  withdrawing.  The  flask  is  to 
be  rammed  up  with  green  molding  sand,  a  little  damper  than  usual,  well 
mixed  and  put  through  a  No.  8  sieve  with  a  mixture  of  i  to  12  bitu- 
minous facing.  The  mold  shall  be  rammed  evenly  and  fairly  hard,  thor- 
oughly dried  and  not  cast  until  it  is  cold.  The  test  bar  shall  not  be  removed 
from  the  mold  until  cold  enough  to  be  handled. 

The  rate  of  application  of  the  load  shall  be  from  20  to  40  seconds  for 
a  deflection  of  o.io  inch. 

Borings  from  the  broken  pieces  of  the  arbitration  bar  shall  be  used 
for  the  chemical  determinations.  One  determination  for  each  mold  shall 
be  required. 

For  cylinder  heads,  steam  chests  and  packing  rings  the  silicon  must 
run  between  1.60  and  1.80  per  cent,  the  other  elements  remaining  as  above. 
If  cylinder  castings  are  to  be  bushed  from  the  start  and  also  have  valve 
bushings  or  false  valve  seats,  they  should  be  made  of  this  latter  grade 
of  iron. 

SPECIFICATIONS  AND  TESTS  FOR  CAST-IRON  WHEELS. 

At  the  convention  of  1888  the  following  Specifications  and  Tests  for 
Cast-iron  Wheels  were  adopted  as  standard.  (See  pages  151-154,  report 
1888.)  In  1891  these  were  changed  to  Recommendations.  (See  pages  160, 
161,  report  1891.) 

In  1908  these  were  modified  and  changed  to  standard  and  the  form  of 
contract  omitted. 

For  3j-inch  Cast-iron  1^ heels  Having  a  Minimum  Weight  of  600,  6^0  and 
700  Pounds.    For  Cars  0/60,000,  80,000  and  100,000  Pounds  Capacity. 

1.  Chills  must  have  the  same  inside  profile  as  shown  by  M.  C.  B. 
drawings  of  wheel  tread  adopted  in  1906.  The  inside  diameter  of  chill 
must  be  the  M.  C.  B.  standard  of  zzVi  inches,  measured  at  a  point  2^ 
inches  from  outside  of  tread  of  wheel. 

2.  Wheels  of  the  same  normal  diameter  must  not  vary  more  than 
one-fourth  (J4)  of  an  inch  above  or  below  the  mean  size  measured  on 
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the  circumference,  and  the  same  wheel  most  not  vary  more  than  one- 
sixteenth  (1-16)  of  an  inch  in  diameter.  The  body  of  the  wheel  must 
be  smooth  and  free  from  slag,  shrinkage  or  blowholes.  The  tread  must 
be  free  from  deep  and  irregular  wrinkles,  slag,  chill  cracks  and  sweat 
or  beads  in  throat,  and  swollen  rims. 

3.  The  wheels  must  show  clean  gray  iron  in  the  plates,  except  at 
chaplets,  where  mottling  to  not  more  than  one-half  (^)  inch  from  same 
will  be  permitted.  The  depth  of  pure  white  iron  must  not  exceed  one 
(i)  inch  nor  be  less  than  one-half  (^)  inch  in  the  middle  of  the  tread 
It  shall  not  exceed  one  (i)  inch  in  the  middle  of  the  tread  nor  be  less 
than  three-eighths  (H)  inch  in  the  throat,  for  wheels  having  a  maximum 
weight  of  six  hundred  (600)  pounds.  It  shall  not  exceed  one  (i)  inch  in 
the  middle  of  the  tread  nor  be  less  than  seven-sixteenths  (7-16)  inch  in 
the  throat  for  wheels  having  a  minimum  weight  of  six  hundred  and  fifty 
(650)  pounds,  and  shall  not  exceed  one  (i)  inch  in  the  tread  nor  be  less 
than  one-half  (^)  inch  in  the  throat  for  wheels  having  a  minimum  weight 
of  seven  hundred  (700)  pounds.  The  depth  of  white  iron  shall  not  vary 
more  than  one-fourth  (%)  of  an  inch  around  the  tread  on  the  rail  line 
in  the  same  wheel. 

4.  When  ready  for  inspection,  the  wheels  must  be  arranged  in  groups, 
all  wheels  of  the  same  date  being  grouped  together,  and  for  each  hundred 
wheels  which  pass  inspection  and  are  ready  for  shipment,  two  representa- 
tive wheels  shall  be  taken  at  random,  one  of  which  shall  be  subjected  to 
the  following  tests : 

The  wheels  shall  be  placed  flange  downward  on  an  anvil  block,  weigh- 
ing not  less  than  seventeen  hundred  (1,700)  pounds),  set  on  rubble  masonry 
at  least  two  (2)  feet  deep,  and  having  three  supports  not  more  than  five 
(S)  inches  wide  to  rest  upon.  It  shall  be  struck  centrally  on  the  hub 
by  a  weight  of  two  himdred  (200)  pounds.  For  wheels  having  a  minimum 
weight  of  six  hundred  (600)  pounds,  ten  (10)  blows  falling  from  a  height 
of  nine  (9)  feet.  For  wheels  having  a  minimum  weight  of  six  hundred  and 
fifty  (650)  pounds,  twelve  (12)  blows  falling  from  a  height  of  ten  (10) 
feet,  and  for  wheels  having  a  minimum  weight  of  stfven  hundred  (700) 
pounds,  twelve  (12)  blows  falling  from  a  height  of  twelve  (12)  feet 
Should  the  test  wheel  stand  the  given  number  of  blows  without  breaking 
in  two  or  more  pieces,  the  inspector  will  then  subject  the  other  wheel  to 
the  following  test : 

The  wheel  must  be  laid  flange  down  in  the  sand  and  a  channel  way 
one  and  one-half  (i^)  inches  wide  and  four  (4)  inches  deep  must  be 
molded  with  green  sand  around  the  wheel.  The  clean  tread  of  the  wheel 
must  form  one  side  of  the  channel  way,  and  the  clean  flange  must  form 
as  much  of  the  bottom  as  its  width  will  cover.  The  channel  way  must 
then  be  filled  to  the  top  with  molten  cast  iron,  which  must  be  hot  enough, 
when  poured,  so  that  the  ring  which  is  formed  when  metal  is  cold  shall 
be  solid  or  free  from  wrinkles  or  layers.  The  time  when  the  pouring 
ceases  must  be  noted,  and  two  minutes  later  an  examination  of  the  wheel 
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must  be  made.  If  the  wheel  is  found  broken  in  pieces,  or  if  any  crack  in 
the  plate  extends  through  or  into  the  tread,  the  one  hundred  wheels  repre- 
sented by  the  tests  will  be  rejected 

5.  In  case  of  the  drop  tests,  should  the  test  wheel  break  in  two  or 
more  pieces  with  less  than  the  required  number  of  blows,  then  the  second 
wheel  shall  be  taken  from  the  same  lot  and  similarly  tested.  If  the  second 
wheel  stands  the  test  it  shall  be  optional  with  the  inspector  whether  he 
shall  test  the  third  wheel  or  not;  if  he  does  not  do  so,  or  if  he  does, 
and  the  third  wheel  stands  the  test,  the  hundred  wheels  shall  be  accepted 
as  filling  the  requirements  of  the  drop  test. 

6.  The  lower  face  of  the  weight  of  two  hundred  (200)  pounds  shall 
be  eight  (8)  inches  in  diameter,  and  have  a  fiat  face. 

7.  The  thickness  of  the  flange  shall  be  regulated  by  the  maximum 
and  minimum  flange  thickness  gauges  adopted  by  the  M.  C.  B.  Association 
in  1907. 

8.  All  wheels  must  be  numbered  consecutively  in  accordance  with 
instructions  from  the  railroad  company  purchasing  .them,  and  shall  have 
the  number,  the  normal  weight  of  the  wheel,  also  the  day,  month  and 
year  when  made  plainly  formed  on  the  inside  plate  in  casting,  and  no 
two  wheels  shall  have  the  same  number.  All  wheels  shall  also  have  the 
name  of  the  maker  and  place  of  manufacture  plainly  formed  on  the  out- 
side plate  in  casting. 

Wheels  made  to  conform  to  these  specifications  should  also  be  plainly 
marked  M.  C.  B.  1907. 

9.  Individual  wheels  will  not  be  accepted  which 

( 1 )  Do  not  conform  to  standard  design  and  measurements. 

(2)  Are  under  weight. 

(3)  Have  physical  defects  described  in  Section  2. 

Any  lot  of  one  hundred  wheels  submitted  to  test  will  not  be  accepted 
(i)  If  wheels  broken  do  not  meet  the  prescribed  drop  test. 

(2)  If  the  wheel  tested  does  not  stand  the  thermal  tests. 

(3)  If  the  conditions  prescribed  in  Section  3  are  not  complied  with. 

10.  All  wheels  must  be  taped  with  M.  C.  B.  standard  design  of  wheel 
circumference  tape  having  numbers  i,  2,  3,  4,  5  stamped  one-eighth  (^) 
inch  apart,  the  figure  three  (3)  to  represent  the  normal  diameter,  103.67 
inches  circumference,  the  figure  one  (i)  the  smallest  diameter  and  the 
figure  five  (s)  the  largest  diameter. 

FITTINGS   FOR  LUBRICATORS. 

At  the  convention  of  1906  the  Committee  on  Locomotive  Lubrication 
proposed  a  standard  location  of  holding  arm  shoulder  and  oil  and  steam 
connection  joint  faces ;  also  a  system  of  fittings  and  joints  for  all  connec- 
tions.   Fig.  I  shows  the  location  for  connection  of  joints  and  holding  arm. 
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Figs.  2,  3,  4  and  5  show  pipe  joints  and  fittings,  and  Fig.  6  illustrates  the 
holding  arm  proposed. 

On  reference  to  letter  ballot  they  were  adopted  as  standard.    They  are 
as  shown  herewith. 
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STANDAIU)  METHOD  OF  CONDUCTING  EFFICIENCY  TESTS  OF  LOCOMOTIVES. 

In  1894  a  method  of  conducting  tests  of  locomotives  was  submitted 
by  a  committee  of  the  Association,  and  on  motion  adopted  as  a  standard 
of  the  Association.    (See  page  200,  report  1894.) 

The  tests  are  as  follows : 

A»    Preparations  for  Test  and  Location  of  Instruments,* 

I.  The  locomotive  should  be  put  in  good  condition  preparatory  to 
the  test.  The  boiler  and  tubes  should  be  tight,  and  both  the  interior  and 
exterior  surfaces  should  be  clean,  and,  if  possible,  free  from  scale.  There 
should  be  no  lost  motion  in  the  valve  gear,  and  the  valves  should  be  set 
properly.  No  change  in  the  engines  should  be  allowed  during  the  prog- 
ress of  a  series  of  tests,  unless  so  ordered  for  the  purposes  of  the  trial 

A  glass  water-gauge  should  be  fitted  to  the  boiler,  if  not  already 
provided,  and  side  of  it  there  should  be  a  graduated  scale  to  assist  in 


*  The  directions  here  ^iven  apply  larg^ely  to  both  shop  and  road  tests,  but  especially 
he  latter. 
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correcting  water  quantities,  caused  by  change  of  inclination  of  the  boiler, 
and  difference  of  levels  when  beginning  and  ending  a  test  The  notches 
on  the  quadrant  should  be  marked  by  large  figures,  so  that  they  can  be 
read  by  the  cab  assistant  The  throttle  valve  lever  should  be  provided 
with  a  scale  so  as  to  show  the  degree  of  opening  of  the  throttle  valve. 

The  point  of  cut-off  of  the  valves  should  be  determined  for  each 
notch  in  the  quadrantt 

2.  The  valves  and  pistons  should  be  tested  for  leakage  with  the  en- 
gine at  rest  The  steam  valve  cai!  be  tried  by  setting  the  eng^ine  so  that  the 
valve  on  one  side  will  be  at  the  center  of  its  throw,  in  which  position 
both  ports  are  usually  covered,  and  pulling  open  the  throttle  valve,  block- 
ing the' drivers  if  there  is  a  tendency  for  the  engine  to  be  set  in  motion. 
Leakage  of  the  valve,  if  any  occurs,  will  show  itself  by  escaping  at  the 
open  cylinder  cocks.  The  tightness  of  the  piston  may  be  tested  by  setting 
the  engine  so  that  it  makes  steam,  blocking  the  drivers  and  opening  the 
throttle  valve.  This  should  be  tried  first  on  one  cylinder  and  then  on 
the  other,  and,  if  desired,  it  may  be  tried  with  the  pistons  at  various  points 
in  the  stroke.  The  leakage,  if  any  occurs,  will  be  shown  at  the  open 
cylinder  cock. 

3.  The  following  instruments  should  be  verified  or  calibrated :  Steam 
gauges,  draft  gauge,  pyrometer,  thermometers  for  calorimeter  and  feed- 
water,  water  meter,  tank,  revolution  counter,  indicator  springs,  dynamom- 
eter springs  and  dynamometer  recording  mechanism.  The  radiation  loss 
on  the  steam  calorimeter  should  be  determined,  or  the  normal  readings 
ascertained,  and  the  quantity  of  steam  which  passes  through  the  instru- 
ment in  a  given  time  should  be  measured. 

4.  The  quantities  of  steam  used  by  the  various  auxiliaries  of  the 
locomotive  can  be  determined  by  noting  the  change  in  weight  of  th^  eng^e 
standing  upon  scales  while  they  are  each  in  use  under  the  usual  conditions 
for  known  times.  Similarly  leakage  of  water  and  steam  can  be  deter- 
mined. The  quantities  can  then  be  properly  deducted  from  the  total 
water  used. 

5.  To  facilitate  the  measurement,  of  coal  and  the  determination 
of  the  quantity  used  during  any  desired  period  of  the  nm,  it  is  desirable 
to  provide  a  sufficient  number  of  sacks  of  a  size  holding  a  weight  of,  say, 
100  pounds,  and  weigh  the  coal  into  these  saclcs  preparatory  to  starting 
on  the  test.  If  desired,  the  sacks  may  be  numbered  to  facilitate  the 
accuracy  of  record. 

6.  The  instruments  and  other  apparatus  that  should  be  provided  and 
their  locations  are  as  follows: 

To  facilitate  the  work  of  operating  the  indicators  and  reading  the 
instruments  at  the  front  end,  the  smoke-box  should  be  surrounded  with 
a  wooden  fence,  or  "  pilot-box,"  as  it  may  be  called,  resting  on  the  top  of 
the  cow-catcher,  and  extending  back  far  enough  to  inclose  also  the  sides 

t  Sec  appendix  for  description  of  valve  diagram  apparatus  used  on  Norfolk  &  Western 
Railway. 
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of  the  cylinders.  This  box  is  floored  over  above  the  cylinder  heads,  and 
the  inclosure  thus  provided  forms  a  convenient  place  for  the  accommoda- 
tion of  the  assistants  at  this  end  of  the  locomotive,  and  it  affords  them 
some  measure  of  protection  against  wind  and  rain,  as  also  the  joltings 
and  vibrations  due  to  rapid  travel. 

A  special  steam-gauge  with  a  long  siphon  is  to  be  used  for  registering 
the  boiler  pressure.    It  can  best  be  located  on  the  left-hand  side  of  the  cab. 

The  indicator  apparatus  which  is  most  suitable  consists  of  a  three- 
way  cock  for  the  attachment  of  the  indicators,  and  some  form  of  pantagraph 
or  other  correct  reducing  motion  for  the  driving  rig.  The  pipes  leading 
from  the  cock  to  the  cylinder  should  be  ^  inch  diameter  inside,  and  they 
should  connect  into  the  side  of  the  cylinder  rather  than  into  the  two 
heads.  The  indicator  should  also  be  piped  so  that  a  steam-chest  diagram 
can  be  drawn  by  it,  and  from  this  the  steam-chest  pressure  determined. 
Sharp  bends  in  the  pipe  should  be  avoided,  and  they  should  be  well 
covered,  to  intercept  radiation.  The  three-way  cock  should  be  provided 
with  a  clamp  rigidly  secured  to  the  cylinder,  and  thus  overcome  any 
tendency  of  the  indicators  to  move  longitudinally  with  reference  to  the 
driving  rig.  Absolute  rigidity  is  highly  essential  in  this  particular.  Two 
forms  of  pantagraph  motion  are  shown  in  Figs,  i  and  2.  In  both  of  these 
the  reduced  motion  is  transmitted  to  the  indicator  through  a  light  rod, 
working  horizontally.  By  this  means  a  cord  eight  or  ten  inches  in  length 
is  sufficient  for  connection  to  the  indicator.  Care  should  be  taken  to  set  the 
instrument  in  such  a  position  that  the  cord  pin  in  the  end  of  the  rod 
travels  in  a  direction  pointing  to  the  groove  in  the  paper  drum.  Panta- 
graph motions  arranged  as  noted  are  preferable  to  the  common  pendulum 
and  quadrant  reducing  mechanism,  with  its  long  stretch  of  cord.  For 
another  type  of  correct  reducing  motion  see  appendix. 

A  draught  gauge  consisting  of  a  U  tube  containing  water,  properly 
graduated  in  inches,  should  be  placed  in  the  cab  and  connected  to  the 
smoke-box  by  a  f(-inch  pipe.  This  long  pipe  steadies  the  water,  and  the 
readings  can  be  taken  by  the  cab  assistant. 

A  pyrometer  for  showing  the  temperature  of  the  escaping  gases 
should  be  used  in  a  position  below  the  tip  of  the  exhaust  nozzles. 

The  calorimeter  should  be  attached  either  to  the  steam  dome  at  a 
point  close  to  the  throttle  opening  or  to  the  steam  passages  in  the  saddle 
casting  on  one  side,  according  as  it  is  desired  to  obtain  the  character  of 
the  steam  at  one  point  or  the  other.  The  former  location  is  preferred  by 
the  committee.  A  perforated  ^-inch  pipe  should  be  used  for  sampling 
and  conveying  the  steam  to  the  calorimeter  pipe.  For  descriptions  of 
various  forms  of  calorimeters  which  are  adapted  to  locomotive  use,  see 
Trans.  A.  S.  M.  E.,  Vol.  X,  page  327;  Vol.  XI,  page  790;  Vol.  XII,  page 
82s. 

The  water  meter  should  be  attached  to  the  suction  pipe  of  the  in- 
jector, and  located  at  a  point  where  it  can  be  conveniently  read  when  the 
locomotive  is  running.     It  should  be  provided  with  a  check  valve  to 
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prevent  hot  water  from  flowing  back  to  it  from  the  injector  and  a  strainer 
to  intercept  foreign  material. 

To  measure  the  depth  of  the  water  in  the  tank  a  metallic  float  should 
be  used  carrying  a  vertical  tube  which  slides  upon  a  graduated  rod,  the 
lower  end  of  which  rests  upon  the  bottom  of  the  tank.  This  should  be 
placed  at  the  center  of  gravity  of  the  water  space.  If  the  desired  locadoo 
can  not  be  used,  provision  should  be  made  for  ascertaining  the  level  or 
inclination  of  the  tank.  The  best  device  for  this  purpose  is  a  plumb  line 
of  a  certain  known  length,  provided  at  the  bottom  with  a  double  horizon- 
tal scale  having  one  set  of  divisions  parallel  to  the  side  of  the  tank  and 
the  other  set  at  right  angles  to  it  From  the  readings  on  these  scales  re- 
ferred to,  the  length  of  the  line,  the  level  of  the  tank  in  both  directions 
can  be  ascertained.  A  similar  device  should  be  attached  to  the  boiler  to 
correct  for  the  variation  of  its  inclination.*  The  plumb  line  may  be 
conveniently  attached  for  this  purpose  at  some  point  near  the  front  end. 

The  revolution  counter  should  be  placed  near  the  front  end  of  the 
engine,  in  plain  view  of  the  pilot-box.  It  is  operated  through  a  belt  from 
the  driver  axle.  This  recommendation  applies  to  that  form  of  counter 
which  shows  at  a  glance  the  exact  speed  in  revolutions  per  minute. 

A  stroke  counter  should  be  provided  for  showing  the  number  of 
strokes  made  by  the  air-pump. 

Electric  connection  should  be  made  between  the  dynamometer  car 
and  cab,  so  that  dynamometer  records  and  indicator  diagrams  may  be 
taken  simultaneously.  Another  desirable  provision  is  a  speaking-tube  lead- 
ing from  the  dynamometer  car  to  the  locomotive  cab,  and  one  also  to  the 
pilot-box. 

7.  It  is  needless,  except  for  a  complete  record  of  directions  for  pre- 
paratory work,  to  call  attention  to  the  desirability  of  haying  the  test,  and 
especially  the  road  test,  made  under  the  supervision  of  a  competent  person, 
who  is  not  only  familiar  with  the  details  of  the  testing,  but  also  with  the 
proper  method  of  firing  and  mechanical  operation  of  the  locomotive.  This 
is  a  most  important  factor,  for  it  is  only  the  clear-headed  and  able  experi- 
menter who  is  likely  to  obtain  satisfactory  work  in  this  most  difficult 
department  of  engineering  tests. 

The  conductor  of  the  test  is  best  able  to  determine  the  number  of 
assistants  required,  the  various  duties  of  the  men,  and  the  manner  of  mak- 
ing records.  In  general,  three  (3)  men  are  sufficient  to  conduct  a  locomo- 
tive test,  one  (i)  being  at  each  cylinder,  and  one  (i)  in  the  cab  for 
taking  records. 

The  men  at  the  cylinders  will  take  indicator  diagrams,  and  one  will 
read  the  revolution  counter  and  the  pyrometer.  The  indicator  papers  will 
be  numbered  in  consecutive  order  for  each  cylinder  before  the  test  begins, 
and  when  the  diagram  is  taken  the  papers  will  be  deposited  through 
a  slot  in  a  box  near  each  assistant. 


*  See  appendix  for  description  of  special  devices  used  on  the   Norfolk  &  Western 
Railway  for  this  purpose. 
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The  cab  assistant  notes  the  time  of  leaving  and  arriving  at  stations, 
the  position  and  time  of  opening  and  closing  the  throttle,  the  time  of 
taking  indicator  diagrams,  for  which  he  shall  determine  the  time  and  give 
the  signal  by  any  effective  means;  the  time  of  blowing  off,  the  time  the 
blower  is  applied,  the  number  of  applications  of  the  injector,  the  position 
of  the  reverse  lever,  the  steam  pressure^^  the  draught  gauge,  the  time  of 
passing  important  stations,  the  readings  of  the  water  glass,  meter  and  air- 
pump  counter,  the  number  of  sacks  of  coal  used,  the  reading  of  the 
tank  float,  the  temperature  of  the  feed-water  and  atmosphe^  the  direc- 
tion and  force  of  the  wind,  the  condition  of  the  rail  and  state  of  the 
weather.  Many  of  these  readings  are  as  nearly  as  possible  simultaneous 
with  the  signal  for  taking  indicator  diagrams,  and  one  experienced  man 
in  the  cab  will  have  no  difficulty  in  entering  all  of  these  records  in  a  note- 
book properly  prepared  with  ruled  columns  and  headings.  In  case  of 
short  stops  at  stations,  one  of  the  men  at  ,the  indicators  can  take  the 
tank  float  observations,  or  any  observation  that  is  advisable  at  stations. 
The  weights  of  coal  placed  upon  the  tender  have  been  checked  by  these 
two  persons  when  weighing  it  out  to  the  engine.  One  man  takes  the  level 
of  the  boiler  at  stopping-places  where  this  is  required. 

When  the  calorimeter  and  smoke-box  gas  samples  are  used  another 
assistant  is  required. 

In  the  dynamometer  car  two  (2)  men  are  required,  who  record  the 
time  of  each  start  and  stop,  the  time  of  passing  each  station  and  mile-post, 
time  of  taking  each  indicator  diagram  as  obtained  from  the  signal  given 
by  the  cab  assistant,  and  all  these  events  are  marked  on  the  dynamometer 
paper.  These  men,  as  well  as  one  of  the  engine  assistants,  will  note  the 
direction  and  force  of  the  wind,  the  temperature  of  the  atmosphere  and 
condition  of  the  weather. 

8.  It  is  of  great  importance,  after  the  preparatory  work  has  been 
accomplished,  that  a  preliminary  run  be  made  with  the  locomotive,  in 
order  to  fairly  test  the  apparatus  and  to  accustom  the  men  to  their  duties. 

B.    The  Dynamometer  Car, 

With  a  suitable  dynamometer  car  the  force  required  to  move  the 
train,  or  the  pull  upon  the  drawbar,  is  registered  upon  a  strip  of  paper 
traveling  at  a  definite  rate  per  mile.  The  scale  upon  which  this  diagram 
is  drawn  should  be  as  large  as  is  possible  within  reasonable  limits. 
A  scale  of  ^  inch  per  1,000  pounds  pull  is  suitable,  as  the  maximum  regis- 
tered pull  rardy  exceeds  30,000  pounds. 

The  height  of  the  diagram  should  be  measured  from  a  base  line 
drawn  upon  the  paper  by  a  stationary  pen,  so  located  that  when  no  force  is 
exerted  upon  the  drawbar  the  base  line  should  coincide  with  zero  pull. 

The  apparatus  should  be  arranged  to  make  a  record  of  time  marks 
in  connection  with  the  curve  showing  the  pull.  A  chronometer  should  be 
provided  having  an  electric  circuit-breaker,  by  means  of  which  a  mark  is 
made  on  the  dynamometer  paper  every  five  (5)  seconds.    A  better  appa- 
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mg  the  test.    The  temperature  of  the  feed-water  can  be  best  taken  at  the 
tank  cock,  in  order  to  obtain  that  of  a  mixed  sample. 

The  duration  of  the  road  test  is  the  length  of  time  which  the  throttle 
valve  is  open. 

D,    The  Data  and  Results. 

The  data  and  results  of  the  road  test  may  be  tabuUted  in  the  form 
given  in  Table  No.  i.  This  form  corresponds  in  general  with  that  recom- 
mended for  shop  test,  namely.  Table  No.  2. 

TABLE  No.  I. 
Data  and  Results  of  Road  Test  on.,, , Engine,  Made, , , ,189    . 
General  dimensions,  etc.  (to  be  accompanied  by  a  complete  description 
of  engine  with  drawings  and  dimensions,  also  of  train  and  route) : 

1.  Kind  of  engine  

2.  Size  of  cylinders ^ 

3.  Qearance  of  cylinders per  cent 

4.  Area  of  heating  surface » .  .sq.  ft 

5.  Area  of  grate  surface 1 .  .sq.  ft 

6.  Size  of  exhaust  nozzles inches 

7.  Average  weight  of  locomotive  and  tender  (including  water) ...  .tons 

8.  Number  of  cars  

9.  Weight  of  cars  tons 

10.  Length   of  route    miles 

11.  Number  of  ton-miles  of  train  load ton-miles 

12.  Number  of  ton-miles  of  total  load ton-miles 

13.  Schedule  time  of  trips 

Total  Quantities, 

14.  Duration  or  time  throttle  valve  is  open hours 

15.  Weight  of  dry  coal  burned lbs. 

16.  Weight  of  water  evaporated,  corrected  for  moisture  in  the 

steam  and  loss  at  injector*. lbs. 

17.  Weight  of  ashes  and  refuse  taken  from  ash-pan lbs. 

18.  Weight  of  cinders  from  smoke-box lbs. 

19.  Percentage  of  ash  as  found  by  coal  calorimeter  test per  cent 

2a    Total  heat  of  combustion  as  found  by  calorimeter  test  ....B.  T.  U. 

21.  Results  of  chemical  analysis  of  coal  

Power  Data. 

22.  Mean  effective  pressure,  H.  P.  cyls lbs. 

23.  Mean  effective  pressure,  L.  P.  cyls lbs. 

24.  Average  revolutions  per  minute rev. 

25.  Indicated  horse-power,  H.  P.  cyls H.  P. 

*  Should  be  corrected  for  steam  used  by  calorimeter,  air-pump,  blower,  safety  valve 
and  whistle,  to  find  cylinder  results— line  56. 
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26.  Indicated  horse-power,  L.  P.  cyls H.  P. 

27.  Indicated  horse-power,  whole  engine H.  P. 

28.  Pull  on  drawbar Ihi. 

29.  Dynamometer  horse-power H.  P. 

Averages  of  Observations  of  Instruments. 

30.  Average  boiler  pressure  lbs. 

31.  Average    steam-chest   pressure    Ibi. 

32.  Average  temperature  of  smoke-box * 

33.  Average  drought  suction * 

34.  Average  temperature  of  feed-water • 

35.  Average  temperature  of  atmosphere • 

36.  Average  percentage  of  moistur^  in  the  steam per  cent 

37.  Maximum  percentage  of  moisture  in  the  steam per  cent 

38.  Weather,  wind,  etc 

Other  Data, 

39.  Average  position  of  throttle 

40.  Average  position  of  reversing  lever 

41.  Average  speed  in  miles  per  hour. , 

42.  Maximum  speed  in  miles  per  hour 

43.  Number  of  stops 

44.  Average  number  of  strokes  of  air  pump  per  minute 

45.  Total  estimated  weight  of  steam  used  by  air  pump  per  hour Ibt. 

46.  Estimated  loss  of  steam  at  safety  valve  per  hour lbs. 

47.  Estimated  loss  of  steam  at  whistle  per  hour lbs. 

48.  Estimated  weight  of  steam  used  by  blower  per  hour lbs. 

49.  Estimated  loss  of  steam  at  calorimeter  per  hour lbs. 

Hourly  Quantities, 

50.  Weight  of  dry  coal  burned  per  hour lbs, 

51.  Weight  of  dry  coal  burned  per  hour  per  square  foot  of  grate 

surface    lbs. 

52.  Weight  of  coal  burned  per  square  foot  of  heating  surface lbs. 

53.  Weight  of  water  evaporated  per  hour lbs. 

54.  Equivalent  weight  of  water  evaporated  per  hour  with  feed- 

water  at  100®  and  pressure  70  lbs lbs. 

55.  Equivalent  weight  of  water  from  100^  at  70  lbs.  evaporated 

per  square  foot  of  heating  surface lbs. 

56.  Weight  of  water  consumed  by  engine  cylinder  (line  53,  less 

sum  of  lines  45,  46,  47,  48  and  49) lbs. 

Principal  Results  —  Complete  Engine  and  Boiler. 

57.  Coal  consumed  per  I.  H.  P.  per  hour Ibi. 

58.  Coal  consumed  per  dynamometer  horse-power  per  hour lbs. 

59.  Coal  consumed  per  ton-mile  of  train  load lbs. 
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6o.    G>al  consumed  per  ton-mile  of  total  load ' .lbs. 

6i.    Weight  of  standard  coal  consumed  per  I.  H.  P.  per  hour lbs. 

62.  Weight  of  standard  coal  consumed  per  dynamometer  horse- 

power per  hour lbs. 

63.  Weight  of  standard  coal  consumed  per  ton-mile  of  train  load.... lbs. 

64.  Weight  of  standard  coal  consumed  per  ton-mile  of  total  load lbs. 

Boiler  Results, 

65.  Water  evaporated  per  pound  of  coal lbs. 

66.  Equivalent  evaporation  per  pound  of  coal  from  and  at  212^ lbs. 

67.  Equivalent  evaporation  per  pound  of  combustible  from  and  at 

2I2*> lbs. 

68.  Heat  imparted  to  each  pound  of  steam  used  from  average 

temperature  of  feed  at  average  steam  pressure  in  British 
thermal  units 

Cylinder  Data. 

69.  Mean  initial  pressure  above  atmosphere lbs. 

H.  P.  Cyl.  L.  P.  Cyl. 

70.  Cut-off   pressure   above    zero lbs 

71.  Release  pressure  above  zero   lbs 

72.  Compression   pressure  above   zero lbs 

73'  Lowest  back  pressure  above  or  below  atmos- 
phere   lbs 

74.    Proportion  of  forward  stroke  completed  at 

cut-off    

75-  Proportion  of  forward  stroke  completed  at  re- 
lease      

76.    Proportion  of  return  stroke  uncompleted  at 

compression  

77*    Mean  effective  pressure  (lines  22  and  23)   lbs 

Cylinder  Results. 

78.    Total  water  consumed  per  indicated  horse-power  per  hour, 

corrected  for  moisture  in  steam lbs. 

79'    Water  consumed  per  I.  H.  P.  per  hour  by  cylinders  alone 

(from  line  56) lbs. 

H.P.Cyl.    L.P.Cyl. 

80.  Steam  accounted  for  by  indicators  at  cut-off  .lbs.      

81.  Steam  accounted  for  by  indicator  at  release. lbs ' 

82.  Proportion  of  feed-water  used  by  cylinders 

(line  79)  accounted  for  at  cut-off 

83.  Proportion  of  feed-water  used  by  cylinders 

accounted  for  at  release 

84.  Total  heat  supplied  by  boiler  to  cylinders  per 

hour  in  British  thermal  units 
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85.  Total  heat  supplied  by  boiler  to  cylinders  per 

minute    per    indicated    horse-power     in 
British  thermal   units 

86.  Total  heat  supplied  by  boiler  to  cylinders  per 

minute  per  dynamometer  horse-power'  in 
British  thermal  units  


H.  P'.Cyl.    LP.Cyl 


The  following  form  for  the  tabulation  of  the  results  of  loconlotiTe 
tests  will  be  found  convenient  They  can,  of  course,  be  modified  to  suit 
any  method  of  testing,  whether  standard  or  not : 

LOCOMOTIVE   TESTS  —  GENERAL   KBSULTS. 

Railroad  Co, 

Tests  of  Locomotive  No ,  between 

and Distance Miles.    Train  No 

Bound ,  i8 

Kind  of  Coal Coal  Analysis 

Calorimetric  Value  of  Coal 


Trip  No 

Date   

Left    at 

Arrived   at 

Left    at 

Arrived   at 

1.  Weather 

2.  Mean  temperature  of  atmosphere 

3.  Direction  of  wind 

4.  Velocity  of  wind,  miles  per  hour 

5.  Condition  of  rails 

6.  Weight  of  train  in  tons  of  2,000  lbs.,  including  locomotive,  tender, 

passengers  and  freight 

7.  Weight  of  train  in  tons  of  2,000  lbs.,  excluding  the  locomotive  and 

tender    

8.  Equivalent  number  of  standard  cars  at tons  eacL 

9.  Size  of  exhaust  nozzle,  single  or  double 

10.    Maximum  boiler  pressure  by  gauge 

ri.    Minimum      "  "         "        "      

12.  Average        "  "         "       "      

13.  Prevailing  position  of  throttle  (wide  open  =  i.oo) 

14.  "  "         "  reverse  lever  (notch)   

15.  "  points  of  cut-off  

16.  Schedule  time  in  motion 

17.  Actual  "       "         "      

18.  Time  made  up  in  minutes 
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ip.    Aggregate  intermediate  stops,  minutes 

aa    Time  during  which  power  was  developed,  or  throttle  open 

21.  Maximum  number  of  revolutions  per  minute 

22.  Minimum  number  of  seconds  per  mile 

2$.    Maximum  rate  of  speed,  miles  per  hour 

24.  Average  speed,  miles  per  hour 

25.  Actual  weight  of  coal  fired 

26.  Moisture  in  coal,  percentage 

27.  Dry  coal  fired 

28.  Actual  weight  of  wood  used 

29.  Total  weight  of  coal  fired  (wood  added  at  4) 

30.  Weight  of  refuse  in  fire-box  and  ash-pan 

31.  "       unconsumed  coal  recovered  from  fire-box  and  ash-p4n 

32.  Total  weight  of  coal  consumed  (Item  29-31) 

33.  Net  weight  of  ashes  in  fire-box  and  ash-pan 

34.  Weight  of  dnders  (sparks)  in  smoke-box 

35.  Percentage  of  ash  in  coal 

36.  •*         "  cinders    (sparks) ^ 

37.  "         "total   refuse 

38.  Percentage  of  combustible  consumed 

39.  Weight  of  combustible  utilized 

40.  Number  of  miles  run  per  ton  (2,000  lbs.)  of  coal 

41.  "       "  pounds  of  coal  used  per  mile 

42.  Coal  used  per  ton  of  train  per  100  miles 

43.  "        "      "   car-mile 

44.  Average  weight  of  coal  burned  per  square  foot  of  grate  surface  per 

hour 

45.  Total  coal  per  indicated  horse-power  developed  per  hour. .  ^. 

46.  Average  temperature  of  feed-water 

47.  Weight  of  water  drawn   from  tender 

48.  Waste  of  injector,  leakage,  etc 

49.  Weight  of  water  apparently  evaporated  (Item  47-48) 

5a     Percentage  of  moisture  in  steam 

51.  Water  actually  evaporated,  corrected  for  quality  of  steam 

52.  Actual  evaporation  per  pound  of  total  coal 

53.  ^uivalent  evaporation  from  and  at  212^  per  pound  of  coal 

54.  "  "           «         "      u     u       a       u       u    combustible. 

55.  Water  used  per  ton  of  train  per  100  miles 

56.  "         "      "    car-mile 

57.  "         "      "    hour  while  developing  power 

58.  "         "      "    indicated  horse-power  per  hour 

59.  "         "      "    sq.  ft.  of  heating  surface,  from  and  at  212® 

go^  "         «      "     "    *<    «<   crrate           "           "           "        " 

61.  Maximum  indicated  horse-power  developed 

62.  Average  "  "  "  

63.  Dry  steam  used  per  indicated  horse-power,  per  hour,  per  indicator 

diagram    ; 
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64.  Average  number  of  sq.  ft  of  heating  surface  per  indiofted  horse-power 

65.  Average  number  of  indicated  horse-power  per  sq.  ft  of  grate  surface. 

66.  Prevailing  temperature  in  smoke-box  while  using  steaoi 

67.  **  draft  in  smoke-box  while  using  steam,  in  inches  of  water. 

SHOP  TEST. 

A,    Preparation  and  Location  of  Instruments, 

In  preparing  for  a  shop  test  the  preparations  described  for  the  rotd 
test  should  be  followed  so  far  as  the  nature  of  the  test  requires.  When 
run  as  a  stationary  engine  the  locomotive  is  not  circumscribed  by  the 
conditions  of  road  service,  and  many  provisions  required  on  the  road  are 
unnecessary.  It  is  unnecessary  to  determine  the  quantity  of  steam  con- 
sumed by  the  air  pump  and  auxiliaries,  for  these  are  not  brought  into 
use  on  the  shop  test;  and  no  occasion  exists  for  finding  the  quantity  lost 
at  the  safety  valve,  for  on  the  continuous  shop  run  the  steam  pressure  can 
be  maintained  at  a  uniform  point,  and  blowing  off  readily  prevented. 
It  is  unnecessary  to  use  sacks  for  the  convenient  measure  of  coal,  because  * 
the  coal  can  be  readily  weighed  up  in  lots  as  fast  as  needed  for  the  test  • 
It  is  unnecessary  to  provide  a  "pilot-box,"  and  no  fixed  location  of  the 
instruments  is  required,  as  on  the  road  test.  The  feed-water  may  be 
weighed  before  it  is  supplied  to  the  tank,  and  the  tank  may  be  used  in 
this  case  as  a  reservoir,  the  float  showing  its  depth.  The  meter  would  thus 
be  unnecessary  as  the  principal  instrument  of  measurement,  but  a  meter  it 
in  all  cases  useful  as  a  check  upon  this  most  important  element  in  the  data. 
The  long  indicator  pipes  required  on  the  road  test  may  be  dispensed  with, 
and  one  indicator  applied  close  to  each  end  of  the  cylinder,  a  practice 
much  to  be  preferred  to  the  use  of  a  three-way  cock  and  the  single  indi- 
cator. The  dynamometer  car  is  not  required,  but  its  equivalent  should 
be  provided,  consisting  of  a  dynamometer  which  registers  the  pull  on  the 
drawbar  in  the  same  manner  as  the  device  used  on  the  road. 

The  number  of  assistants  required  on  a  shop  test  is  less  than  that 
needed  for  a  road  test.  A  good  test  can  be  made  with  four  (4)  assistants, 
distributed  as  follows: 

One  assistant  for  operating  indicators.  ^ 

One  assistant  for  measuring  water. 

Two  (2)  assistants  for  general  observations  and  coal  measurement 

B,    Conditions  of  Test, 

The  test  should  be  continued  for  a  run  of  at  least  two  (a)  hours 
from  the  time  normal  conditions  have  been  established. 

At  the  close  of  the  test  the  water  height  in  the  boiler  and  the  height 
of  water  in  the  tank  should  be  the  same  as  at  the  beginning,  or  proper 
corrections  made  for  any  differences  which  may  exist 

The  fire-box  and  ash-pit  are  then  cleaned,  and  such  unbumt  coal  as 
may  be  contained  in  the  refuse  is  separated,  weighed  and  deducted  from 
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the  total  weight  of  coal  fired.   The  balance  of  the  refuse  is  weighed,  as  also 
the  cinders  removed  from  the  smoke-box. 

During  the  progress  of  the  test  samples  of  the  various  charges  of 
coal  should  be  obtained,  and  at  its  close  a  final  sample  of  these  should 
be  selected,  dried  and  subjected  to  chemical  analysis  and  calorimeter  test 
The  weight  of  the  sample  as  taken  before  and  after  drying  to  ascertain 
the  weight  of  moisture  contained  in  the  fuel. 

C.    The  Data  and  Results. 
The  data  and  results  of  the  shop  test  can  best  be  arranged  in  the 
manner  indicated  in  Table  No.  2.    So  far  as  these  are  in  common  with 
the  data  and  results  obtained  on  the  road  test,  the  forms  used  on  both 
kinds  of  test  are  identical. 

TABLE  No.  2. 

Data  and  Results  of  Shop  Test  on Engine,  made, 189 

General  dimensions,  etc.  (to  be  accompanied  by  a  complete  description, 
with  drawings  and  full  dimensions). 

1.  Kind   of  engine 

2.  Size  and  clearance  of  cylinders *. . . . 

3.  Area  of  heating  surface 

4.  Area  of  grate  surface 

5.  Diameter  of  exhaust  nozzles 

Total  Quantities.  Whole  Run. 

6.  Duration  hrs 

7.  Weight  of  dry  cgal  burned,  including  .4  weight  of  wood.lbs.  

8.  Weight  of  water  evaporated  corrected  for  moisture  in 

the  steam lbs.  

9.  Weight  of  ashes  and  refuse  from  ash-pan lbs.  

10.  Weight  of  cinders  from  smoke-box lbs.  

11.  Percentage  of  ash  as  found  by  calorimeter  test. . .  .per  cent         

12.  Total  heat  of  combustion  per  lb.  coal  as  found  by  

calorimeter  test B.  T.  U 

Power  Data. 

13.  Mean  effective  pressure,  high-pressure  cylinders lbs.  

14.  Mean  effective  pressure,  low-pressure  cylinders .lbs.  

15.  Average  revolutions  per  minute rev.  

16.  Indicated  horse-power,  high-pressure  cylinders H.  P.  

17.  Indicated  horse-power,  low-pressure  cylinders H.  P.  

18.  Indicated  horse-power,  total H.  P 

19.  Pull  on  drawbar lbs.  

20.  Djmamometer  horse-power H.  P.         

Averages  of  Observations. 

21.  Average  boiler  pressure lbs.  

22.  Average  steam-chest  pressure lbs.  

M-26 
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Whole  Run. 

23.  Average  temperature  of  smoke-box *..•  

24.  Average    draught    suction "  

25.  Average  temperature  of  feed-water •  

26.  Average  temperature  of  atmosphere ^  

27.  Average  percentage  of  moisture  in  the  steam.... per  cent         

28.  Maximum  percentage  of  moisture  in  the  steam... per  cent         

Hourly  Quantities, 

29.  Weight  of  dry  coal  burned  per  hour lbs.         

3a    Weight  of  dry  coal  burned  per  hour  per  square  foot  

of  grate  surface lbs 

31.  Weight  of  coal  burned  per  hour  per  square  foot  of  

heating   surface lbs.         

32.  Weight  of  water  evaporated  per  hour lbs.         

33.  Equivalent  weight  of  water  evaporated  per  hour  with  

feed- water  at  100^  and  pressure  at  70  lbs lbs 

34.  Equivalent  weight  of  water  from  100^  at  70  lbs.  evap-  

orated  per  square  foot  of  heating  surface lbs.         


Principal  Results,  Complete  Engine  and  Boiler. 

35.  Coal  consumed  per  I.  H.  P.  per  hour lbs.         

36.  Coal    consumed   per   djrnamometer   horse-power   per 

hour '. lbs.         

37.  Weight  of  "  standard  coal "  consumed  per  I.  H.  P.  per  

hour   : lbs.         

38.  Weight  of  "  standard  coal "  consumed  for  a  dyna- 

mometer horse-power  per  hour lbs.  

Boiler  Results. 

39.  Water  evaporated  per  potmd  of  coal lbs.         

40.  Equivalent  evaporation  per  pound  of  coal  from  and  at 

212® lbs 

41.  Equivalent   evaporation   per   pound   of   combustible 

from  and  at  212** lbs.  

42.  Heat  imparted  to  each  pound  of  steam  used  from 

average  temperature  of  feed  at  average  steam 

pressure  in  British  thermal  units 

Cylinder  Data, 

43.  Mean  initial  pressure  above  atmosphere lbs.  

H.  P.  CyL  UP.  CyL 

44.  Cut-off  pressure  above  zero lbs 

45.  Release  pr^sure  above  zero lbs 

46.  Compression  pressure  above  zero lbs 
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H.  P.  Cyl.    L.  P.  Cyl. 


47.  Lowest  back  pressure  above  or  below  atmos- 

phere   '.. lbs. 

48.  Proportion  of  forward  stroke  completed  at  cut-off 

49.  Proportion  of  forward  stroke  completed  at  release 

50.  Proportion  of  return  stroke  uncompleted  at 

compression  


Cylinder  Results, 

51.  Total  water  consumed  per  indicated  horse-power  per  horn- 

corrected  for  moisture  in  steam lbs. 

52.  Water  consumed  per  I.  H.  P.  per  hour  by  cylinders  alone 

(from  line  51  less  all  measured  losses) lbs. 

H.P.Cyl.    L.P.Cyl. 

53.  Steam  accounted  for  by  indicators  at  cut-off  .lbs 

54.  Steam  accounted  for  by  indicators  at  release. lbs 

55.  Proportion  of  feed-water  used  by  cylinders 

(line  52)  accounted  for  at  cut-off lbs 

56.  Proportion  of  feed-water  used  by  cylinders 

accounted   for  at  release    lbs 

57.  Total  heat  supplied  by  boiler  to  cylinders  per 

hour  in   British   thermal   units 

58.  Total  heat  supplied  by  boiler  to. cylinders  per 

minute  per  indicated  horse-power  in  Brit- 
ish thermal  units -     

59.  Total  heat  supplied  by  boiler  to  cylinders  per 

minute  per  dynamometer  horse-power  in 

British   thermal   units 

Reports  should  give  a  copy  of  a  set  of  sample  indicator  diagrams, 
also  combined  diagram  (in  case  of  compound  engines)  and  a  chart  showing 
graphically  the  principal  data. 

SUPPLEMENT. 

Description  of  Norfolk  &  Western  Indicator  Rigging,  Fig,  i.  General 
Arrangement,  Fig,  2,  Details. 
This  form  of  indicator  rigging  involves  the  use  of  a  lever  (supported 
from  the  running-board  by  a  suitable  bracket),  and  connected  at  its  lower 
end  to  the  cross-head  (by  a  link  12  in.  long).  The  indicator  drum  cord 
takes  its  motion  from  a  square  bar  working  in  suitable  guides  and  con- 
nected by  a  short  link  to  the  main  lever.  In  order  to  secure  a  perfectly 
parallel  motion,  the  length  of  the  cross-head  link  should  bear  the  same 
ratio  to  the  length  of  the  indicator-bar  link  as  the  full  length  of  the 
main  lever  bears  to  the  distance  from  fulcrum  of  main  lever  to  point  of 
connectiDn  of  the  indicator-bar  link.  For  an  engine  with  24-inch  stroke 
this  ratio  should  be  x  to  6,  in  order  to  produce  an  indicator  card  4  inches 
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long,  and  the  long  and  short  links  should  be  12  inches  and  2  inches, 
respectively. 

Description  of  Valve  Motion  Indicator.    Fig.  3, 

In  this  apparatus  a  string  is  wound  around  the  groove  on  one  end  of 
drum,  and  passed  over  proper  pulleys  until  it  leads  off  in  a  line  with  the 
motion  of  the  cross-head,  and  the  other  end  is  attached  to  the  cross-head, 
so  that  any  motion  of  tiie  piston  is  communicated  by  the  cord  to  the  drum, 
causing  corresponding  rotation. 

A  cord  from  the  pen-bar  is  led  over  suitable  pulleys  and  attached  to 
valve  rod  in  the  same  manner.  The  combination  of  the  two  motions,  as 
will  be  seen,  will  give  an  elliptical  diagram  in  which  the  abscissae  represent 
the  position  of  the  piston,  and  the  ordinates  the  position  of  the  valve. 

Description  of  Boiler  Lever  Indicator.    Fig.  4. 

This  apparatus  consists  of  a  spirit  level  moimted  in  a  saddle  which 
slides  on  an  arc  of  a  large  circle.  This  arc  is  graduated,  and  should  be 
sufficiently  curved  to  operate  on  the  heaviest  grade  upon  which  the  engine 
will  be  tested. 

By  putting  the  engine  on  jacks  or  cranes,  and  giving  different  eleva- 
tions to  the  boiler,  the  height  of  water  may  be  measured  by  means  of  a 
meter  to  certain  points  on  the  gauge-glass,  and  a  corresponding  table 
made,  which  will  denote  the  quantity  of  water  in  the  boiler  for  each  dif- 
ferent angular  position  of  the  boiler.  These  figures  can  be  used  to  make 
corrections  on  the  meter  readings,  allowing  for  inclinations  of  the  trade 
on  which  the  engine  is  standing  by  simply  pushing  the  spirit  lever  to  a 
horizontal  position  and  noting  the  reading  on  the  indicator. 

SHEET    METAL    GAUGE. 

At  the  convention  of  1882  the  Brown  &  Sharpe  micrometer  gauge 
shown  below  was  adopted  as  standard  for  the  measurement  of  sheet  metal 
(see  page  132,  report  1882).  Reaffirmed  1891  (see  pages  160,  161,  report 
1891). 


V*      ciSl^-^^ 


DEQMAL  GAUGE. 

At  the  convention  of  1895  the  following  was  adopted  as  a  standard 
Decimal  Gauge: 
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I8t  The  micrometer  caliper  should  be  used  for  laboratory  and  tool- 
room work,  and  m  the  shop  when  specially  desired. 

3d.    The  solid  notch  gauge  should  be  used  for  general  shop  purposes. 

3d.  The  form  of  this  gauge  shall  be  an  ellipse  whose  major  axis  is 
4  inches,  the  minor  axis  2.5  inches,  and  the  thickness  .1  inch,  with  a  central 
hole  .75  inch  in  diameter. 


The  notches  in  this  gauge  shall  be  fa  follows 

.002"  .022"  .060" 

.004"  .025"  .065" 

.006"  .028"  .070" 

.008"  .032"  .075" 

.010"  .036"  .080" 

.012"  .040"  .085" 

.014"  .045"  .090" 

.016"  .050"  .  .095" 

.018"  .055"  .100" 

.020"  


.110" 
.125" 

.135" 
.150" 
.165" 
.180" 
.200" 
.220" 
.240" 
.250" 


5th. 
6th. 


All  notches  to  be  marked  as  in  the  above  list 

The  gauge  must  be  plainly  stamped  with  the  words  "Decimal 

Gau£:e  "  in  capital  letters  .2  inch  high,  and  below  this  the  words  "  Master 

Mechanics." 

yth.    In  ordering  material,  the  term  gauge  shall  not  be  used,  but  the 

thickness  ordered  by  writing  the  decimal  as  in  above  list    For  sixes  over 

%  Inch,  the  ordinary  common  fractions  may  be  used. 


STANDASD  DIMENSIONS  AND  THREADS  OP  WROUGHT  PIPE. 

At  the  convention  of  1899,  what  is  known  as  the  Briggs  Standard,  as 
determined  by  the  Pratt  &  Whitney  gauges,  of  ^threads  for  wrought-iron 
pq>e  and  couplings,  was  adopted  as  a  standaA  of  the  Association. 
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The  gauges  used  by  the  Pratt  &  Whitney  Comi>any  were  made  by 
them  from  an  autograph  copy  of  a  table  made  by  Mr.  Robert  Briggs  per- 
sonally, who  originally  established  and  published  these  standard  threads. 

In  1908  these  dimensions  were  revised  and  ii-inch  and  12-inch  pipe 
included.  The  words  "  wrought  pipe "  in  the  above  heading  includes 
wrought  iron  and  steel  pipe. 


DiAMRTBR   or   TUBB. 

ScRBWBD  Ends. 

Tlii(<Wn*aa  f\t 

Kominal 

Actual 

Actual 

metal. 

Number  of 

Length  of  perfect 

intidt. 

ir  i  0 

->utside. 

threads  per  inch. 

screw. 

Inches. 

Inches. 

Inchen. 

Inch 

No. 

Inch. 

1 

.269 

0.405 

0.068 

27 

0.19 

i 

.364 

0.540 

0.088 

18 

0.29 

i 

.493 

0.675 

0.091 

18 

0.30 

* 

.622 

0.840 

0.109 

14 

0.39 

} 

.824 

1.050 

0.113                    14 

0.40 

1 

1.047 

1.315 

0.134 

114 

0.51 

1} 

1.380 

1.660 

0.140 

114 

0.54 

14 

1.610 

1.900 

0.145 

114 

0.55 

2 

2.067 

2.375 

0.154 

114 

0.58 

24 

2.467 

2.875 

0.204 

8 

0.89           i 

3 

3.066 

3.500 

0.217 

8 

0.95           ' 

34 

3.548 

4.000 

0.226 

8 

1.00 

4 

4.026 

4.500 

0.237 

8 

1.05 

^ 

4.608 

5.000 

0.246 

8 

1.10 

5 

5.045 

5.563 

0.259 

8 

1.16 

6 

6.065 

6.625 

0.280 

8 

1.26         I 

7 

7.023 

7.625 

0.301 

8 

1.36 

8 

7.981 

8.625 

0.322 

8 

1.46 

9 

8.937 

9.625 

0  364 

8 

1.57 

10 

10.018 

10.750 

0.366 

8 

1.68 

11 

11.000 

11.750 

0.375 

8 

1.79 

12 

12.000 

12.750 

0.375 

8 

1.90 

Tapers  of  conical  tube  ends,  i  in  3a  to  axis  of  tube,    (^-incb  per  foot.) 

By  the  late  action  of  the  Manufacturers  of  Wrought-Iron  Piper,  9-inch  outside  diametd 

has  been  excepted  from  the  original  list,  as  above  noted,  the  diameter  now  adopted  beia| 

9.6as  instead  of  9.688  inches  given  in  the  Briggs  table. 

STANDARD  PIPE  UNIONS. 

At  the  convention  of  1902  standard  dimensions  for  pipe  unions  }i  1 

4  inches. 

inclusive, 

were  proj 

>osed  for  ado 

ption,  and,  at  the  convention  d 

1903,  the  same  were  adopted  as  standard.    These  dimensions  are  shown 
Table  A. 

AXLES  FOR  LOCOMOTIVE  TENDERS. 

At  the  convention  of  1879  the  Master  Car  Builders*  Standard  Am 
with  3^  by  7  inch  journals  was  adopted  as  standard.  (See  pages  14*; 
53-58,  report  1879.)     danfed  to  Recommendations  1891.     (See 
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i6o,  i6i,  report  1891.)  Modified  to  conform  to  M.  C.  B.  standard  1903. 
Sec  plate  i. 

Afthe  convention  of  1890  the  Master  Car  Builders*  standard  axle  with 
journals  4%  by  8  inches  was  adopted  as  standard.  See  page  166,  report 
1890.)  Changed  to  Recommendations  in  1891.  (See  pages  160,  161,  report 
1891.)     Modified  to  conform  to  M.  C.  B.  standard  in  1903.    See  plate  i. 

At  the  convention  of  1903  the  Master  Car  Builders*  standard  axle 
with  5  by  9  inch  journals  was  adopted  as  standard.  See  report  of  Com- 
mittee on  Revision  of  Standards,  1903.    See  plate  i. 

At  the  convention  of  1903  the  Master  Car  Builders*  standard  axle  with 
journals  sJ^  by  10  inches  was  made  a  standard.  See  report  of  Committee 
on  Revision  of  Standards.     See  also  plate  i. 

In  1908  these  standard  axles  were  made  to  conform  to  the  M.  C.  B. 
standard,  and  as  revised  are  shown  on  Sheet  M.  M.  i.  Also  the  text  of 
tests  as  prescribed  by  the  M.  C.  B.  Association  was  adopted  as  standard, 
as  follows: 

SPECIFICATIONS  FOR   IRON    AXLES. 

Car  axles  for  the  use  of  this  company  will  be  ordered  subject  to  the 
following  conditions : 

1.  All  axles  must  conform  in  shape  and  size  to  the  dimensions  shown 
on  the  blue-prints,  which  will  be  furnished  by  the R.  R.  Co. 

2.  All  axles  must  be  cut  off  and  faced  to  exact  lengths,  and  be  cen- 
tered with  60  degree  centers  in  the  manner  indicated  in  blue-prints,  so  as 
to  prevent  lathe  centers  from  bottoming.  Axles  must  be  made  of  double- 
work  fagoted  scrap,  16  per  cent  of  new  bar  iron  worked  into  the  center 
of  the  axles  being  allowed  if  desired.  Axles  must  be  well  hammered  and 
free  from  any  clearly  defined  open  seams.  They  must  finish  in  the  lathe 
with  journal  free  from  flaws  in  the  shape  of  holes,  pieces  "shelled  out,  or 
open  seams  large  enough,  so  that  with  a  knife-blade  scale  or  dirt  can  be 
removed  from  such  seams,  or  open  seams  showing  a  clear  opening  of  1-32 
inch  or  over,  and  being  more  than  i  inch  long.  The  maker's  name  'or 
initials  must  be  stamped  plainly  on  each  axle. 

3.  All  axles  are  to  be  inspected  and  tested  at  the  works  where  they 

are  made.    The shall  be  notified  when  they  are  ready  for 

inspection.  Under  no  circumstances  shall  car  axles  be  shipped  from  the 
works  where  they  are  made  until  they  have  been  tested,  inspected  and 
accepted  by  a  proper  representative  of  the  company. 

4.  For  each  one  hundred  axles  or  fraction  thereof  ordered,  one  addi- 
tional axle  must  be  furnished  for  test.  This  axle  will  be  selected  at 
random  from  the  pile,  and  subjected  to  the  prescribed  drop  test  for  iron 
axles  of  its  class.  If  it  stands  the  test  the  one  hundred  axles,  or  frac- 
tional part  thereof  that  it  represents,  will  be  inspected,  and  only  those 
accepted  that  are  made  in  a  workmanlike  manner  and  are  free  from 
defects  mentioned  in  these  specifications.  All  axles  received  are  subject 
to   rejection  if  they*  do  not  finish  in  the  lathe  in  accordance  with  the 
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requirements  herein  given.  The  manufacturer  must  furnish,  free  of 
charge,  the  axles  that  are  to  be  tested,  the  testing  apparatus,  and  the 
assistance  necessary  to  enable  the  inspector  to  make  a  satisfactory  inspec- 
tion and  test  Axles  will  not  be  accepted  if  the  diameters  fall  below  the 
dimensions  for  forged  sizes  given  in  the  blue-prints,  or  if  exceeding  those 
dimensions  by  more  than  }i  inch.  Car  axles  in  the  rough  must  not  have 
less  than  the  prescribed  minimum  weight,  nor  more  than  the  prescribed 
maximum  weight  for  axles  of  their  class. 

AXLE  DROP  TEST. 

5.  All  axles  will  be  tested  physically  by  drop  test  The  testing 
machine  must  conform  in  its  essential  parts  to  the  drawings  adopted  by 
the  Master  Car  Builders*  Association.  These  essential  parts  are:  The 
points  of  supports  on  which  the  axle  rests  during  tests  must  be  three  (3) 
feet  apart  from  center  to  center;  the  tup  must  weigh  1,640  pounds;  the 
anvil,  which  is  supported  on  springs,  must  weigh  17,500  pounds;  it  must 
be  free  to  move  in  a  vertical  direction;  the  springs  upon  which  it  rests 
must  be  twelve  in  number,  of  the  kind  described  on  drawing,  and  the 
radius  of  the  supports  and  of  the  striking  face  on  the  tup  in  the  direc- 
tion of  the  axis  of  the  axle  must  be  five  (5)  inches.  When  an  axle  is 
tested  it  must  be  so  placed  in  the  machine  that  the  tup  will  strike  it 
midway  between  the  ends,  and  it  must  be  turned  over  after  the  first  and 
third  blows,  and  when  required  after  the  fifth  blow.  After  the  first  blow 
the  deflection  of  the  axle  under  test  will  be  measured  in  the  manner 
specified  below. 

6.  It  is  desired  that  the  axles  when  tested  as  specified  above  shall 
stand  the  number  of  blows  at  the  heights  specified  in  the  following  table 
without  rupture,  and  without  exceeding,  as  the  result  of  the  first  blow, 
the  deflections  given : 


Axle. 

No.  Blows. 

Hbxght  of  Drop. 

M.  C.  B.  4\  by  8  inch  journals 

M.  C.  B.  5  by  nine  inch  journals 

M.  C.  B.  5i  by  10  inch  journals 

5 
5 
5 

12i    ft 
29      ft 
36     ft. 

7J    ft 
6Aft 

5  An. 

7.  Axles  will  be  considered  as  having  failed  on  drop  test  and  will 
be  rejected  if  they  rupture  or  fracture  in  any  way,  or  if  the  deflection 
resulting  from  the  first  blow  exceeds  the  following: 

M.  C.  B.  axle,  4}4  by  8    inch  journals 8  1-8    inches. 

M.  C.  B.  axle,  5      by  9    inch  journals 8  1-16  inches. 

M.  C.  B.  axle,  5J4  by  10  inch  journals 6  1-16  inches. 

In  order  to  measure  the  deflection,  prepare  a  straight-edge  as  long  as 
the  axle  by  reinforcing  it  on  one  side,  equally  at  each  end,  so  that  when  it 
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is  laid  on  the  axles  the  reinforced  parts  will  rest  on  the  collars  of  the 
axle,  and  the  balance  of  the  straight-edge  not  touch  the  axle  at  any  place. 
Next  place  the  axle  in  position  for  test,  lay  the  straight-edge  on  it,  and 
measure  the  distance  from  the  straight-edge  to  the  axle  at  the  middle 
point  of  the  latter.  Then,  after  the  first  blow,  place  the  straight-edge  on 
the  now  bent  axle  in  the  same  manner  as  before,  and  measure  the  dis- 
tance from  it  to  that  side  of  the  axle  next  to  the  straight-edge  at  the 
point  farthest  away  from  the  latter.  The  diflFerence  of  the  two  measure- 
ments is  the  deflection. 

SPECIFICATIONS  FOR  STEEI.  AXLES. 

1.  Axles  will  be  ordered  not  less  than  lOO  on  one  order.  All  axles 
must  be  made  and  finished  in  a  workmanlike  manner,  and  must  be  free 
from  cracks,  or  seams,  or  flaws  which  can  be  detected  by  the  eye.  All 
parts  must  be  rough  turned,  except  at  point  "  A  "  on  diagram  below. 

2.  All  axles  must  be  made  of  steel,  and  the  material  desired  have  the 
following  composition : 

Carbon 040  per  cent. 

Manganese,  not  above .0.50  per  cent. 

Silicon    , 0.05  per  cent. 

Phosphorus,  not  above  0.05  per  cent. 

Sulphur,  not  above 0.04  per  cent. 

3.  All  axles  must  conform  in  sizes,  shapes  and  limiting  weights  to 
the  requirements  given  on  the  order  or  print  sent  with  it.  The  rough 
turning  must  be  done  with  a  tool  so  shaped  as  to  leave  the  surface  free 
from  ridges;  and  in  centering  them  6o-degree  centers  must  be  used  with 
proper  clearance  for  lathe  centers.  All  axles  must  be  legibly  stamped  when 
offered  for  test,  on  the  unfinished  portion,  "A"  on  diagram  below,  with 
the  blow  or  heat  number  and  the  date,  and  on  the  cylindrical  portion  at 
center  they  must  be  stamped  with  the  name  of  the  maker. 

Portions  marked  "  A  "  to  he  unfinished  and  to  have  stamped  upon  either 
of  them  below  number  and  date. 


4.    Manufacturers  must  notify 

Tirhen  they  are  ready  to  ship  not  less  than  100  axles;  must  have  all  the 
axles  made  from  each  heat,  and  no  others,  in  a  pile  by  themselves;  must 
furnish  the  testing  machine  referred  to  in  Section  6,  and  the  proper 
appliances  for  checking  the  dimensions  and  weights;  must  have  a  car  or 
cars  ready  to  receive  shipment;   must  furnish  the  labor  and  power  neces- 
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sary  to  enable  the  inspector  to  promtply  inspect  and  test;  and  ship  or 
store  the  axles  when  tests  are  finished.  Axles  which,  when  offered  for 
test,  are  so  rusty  as  to  hide  defects  will  not  be  considered. 

5.  A  shipment  of  axles  being  ready  for  test,  the  inspector  will  first 
make  a  list  of  the  heat,  numbers  in  the  various  piles  of  axles  offered,  and 
the  number  of  axles  bearing  the  same  heat  number  in  each  pile.  If  he 
finds  in  any  pile  axles  bearing  different  heat  numbers  he  must,  before 
going  further,  have  the  pile  rearranged,  so  that  only  those  axles  having 
the  same  heat  number  will  be  in  the  same  pile.  Also,  if  he  finds  in  any 
pile  any  axles  having  evidence  of  changed  or  defaced  heat  numbers,  or 
any  axles  having  heat  numbers  not  clearly  legible,  or  any  bearing  heat 
numbers  previously  rejected,  he  will  exclude  such  axles  from  further 
consideration.  He  will  then  examine  the  axles  in  each  pile  or  heat,  as 
to  workmanship  and  defects  visible  to  the  eye,  and  as  to  whether  they 
conform  to  dimensions  and  directions  on  the  order,  or  tracing,  or  in 
these  specifications.  All  axles  not  satisfactory  in  these  respects  must  be 
laid  aside  and  will  not  be  further  considered.  This  being  done,  if  less 
than  thirty  axles  in  any  heat  are  left,  he  will  refuse  to  consider  that  heat 
further.  If  in  this  inspection  defects  are  found  which  the  manufacturer 
can  remedy  while  the  inspector  is  at  the  works,  he  may  allow  such  defects 
to  be  cured  and  may  count  the  axles  which  are  successfully  treated  in 
this  way  as  a  part  of  the  thirty  above  mentioned.  Not  less  than  thirty 
axles  from  any  one  heat  having  passed  the  foregoing  inspection,  the 
inspector  will  select  from  each  pile  or  heat,  one  axle  at  random,  and  subject 
it  to  the  physical  test  prescribed  for  such  axles  as  may  be  under  considera- 
tion. If  the  test  axle  fails  to  fill  the  physical  requirements,  all  the  axles 
from  that  heat  of  steel  will  be  regarded  as  rejected,  and  none  of  them 
will  at  any  time  be  considered  again.  If  the  test  axle  passes  physical  test, 
the  inspector  will  draw  a  straight  line  parallel  with  the  axis  of  this  test 
axle  ten  (10)  inches  long,  starting  from  one  end  of  it,  and  prick-punch 
this  line  at  several  points.  He  will  then  have  a  piece  about  six  (6)  inches 
long  cut  off  from  the  same  axle,  so  as  to  leave  some  of  the  prick-punch 
marks  on  each  piece  of  the  axle.    The  6-inch  piece  must  be  sent  at  once, 

properly  tagged,  to The  piles  of  axles  which  have 

passed  physical  test  will  be  allowed  to  remain  as  the  inspector  leaves 
them,  until  the  results  of  the  chemical  test  are  known.  The  6-inch  piece 
being  received  at  the  laboratory,  a  line  will  be  drawn  from  the  prick-punch 
line  above  described,  through  the  center  of  the  axle  across  the  cut-off 
end,  and  a  prick-punch  mark  made  on  this  last  line,  40  per  cent  of  the 
distance  from  the  center  to  the  circumference  of  the  axle.  Borings  for 
analysis  will  be  taken  by  means  of  a  ^-inch  diameter  drill,  acting  parallel 
to  the  axis  of  the  axle,  and  starting  with  its  center  in  the  last  described 
prick-punch  mark.  The  borings  will  be  analyzed  in  accordance  with 
standard  methods,  and  the  results  of  analysis  will  be  communicated  to  the 
inspector,  who  will  at  once  proceed  to  the  works,  and  reject,  or  accept 
and  ship,  or  mark  and  store,  as  the  case  may  be,  and  axles  in  question. 
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If  the  analysis  of  any  test  axle  shows  that  the  steel  does  not  meet  the 
chemical  requirements,  all  of  the  axles  of  that  heat  will  be  regarded  as 
rejected,  and  none  of  them  will  at  any  time  be  considered  again.  If  the 
analysis  of  any  test  axle  shows  that  the  steel  meets  the  chemical  require- 
ments, all  of  the  axles  of  that  heat  which  have  passed  inspection  and 
physical  test  will  be  regarded  as  accepted.  The  inspector  will  proceed  to 
load  and  ship  from  the  accepted  axles  as  many  as  may  be  required  to  fill 
the  order.  If,  as  the  result  of  inspection  and  the  physical  and  chemical 
tests,  more  axles  are  accepted  than  the  order  calls  for,  such  accepted  axles 
in  excess  will  be  stamped  by  the  inspector  with  his  own  name,  and  will  then 
be  piled  and  allowed  to  remain  at  the  works,  subject  to  further  orders  from 
the  purchasing  agent.  On  receipt  of  further  orders,  axles  once  accepted  will, 
of  course,  not  be  subject  to  further  test,  but  in  no  case  will  even  accepted 
axles  be  loaded  and  shipped  except  in  the  presence  of  the  inspector.  In 
all  cases  the  inspector  will  keep  an  accurate  record  of  the  heat  numbers, 
of  the  number  of  axles  in  each  heat  which  are  rejected,  or  stored,  and 
will  transmit  this  information  with  each  report. 

6.  All  axles  will  be  tested  physically  by  drop  test.  The  testing 
machine  must  conform  in  its  essential  parts  to  the  drawings  adopted  by 
the  Master  Car  Builders'  Association.  These  essential  parts  are:  The 
points  of  supports  on  which  the  axle  rests  during  tests  must  be  three  feet 
apart  from  center  to  center;  the  tup  must  weigh  1,640  pounds;  the  anvil, 
which  is  supported  on  springs,  must  weigh  17,500  pounds;  it  must  be 
free  to  move  in  a  vertical  direction ;  the  springs  upon  which  it  rests  must 
be  twelve  in  number,  of  the  kind  described  on  drawing;  and  the  radius 
of  supports  and  of  the  striking  face  on  the  tup  in  the  direction  of  the 
axis  of  the  axle  must  be  five  (5)  inches.  When  an  axle  is  tested  it  must 
be  so  placed  in  the  machine  that  the  tup  will  strike  it  midway  between 
the  ends,  and  it  must  be  turned  over  after  the  first  and  third  blows,  and 
when  required,  after  the  fifth  blow.  After  the  first  blow,  the  deflection 
of  the  axle  under  test  will  be  measured  in  the  manner  specified  below. 

7.  It  is  desired  that  the  axles,  when  tested  under  the  drop  test  as 
specified  above,  shall  stand  the  number  of  blows  at  the  height  specified  in 
the  following  table  without  rupture  and  without  exceeding  as  the  result 
of  the  first  blow  the  deflections  given : 


AXLE. 

No.  Blows. 

Height  OF  Drop. 

DBF1.ECT10N. 

M.  C.  B.  4\  by  8  inch  journals  for 
60,000-pound  cars 

5 
.     5 

7 

34  feet 
43     « 
43     • 

7  inches 

M.  C.  B.  5  by  9  inch  journals  for 
80.000-Dound  cars 

5J      ' 
4 

M.  C.  B.  5i'  by  10   inch  journal s  for 
100,000-pound  cars 

8.  Axles  will  be  considered  as  having  failed  on  physical  test  and 
will  be  rejected  if  they  rupture  or  fracture  in  any  way,  or  if  the  deflection 
resulting  from  the  first  blow  exceeds  the  following : 
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M.  C.  B.  axle,  4^  by   8  inch  journals 7^  inches. 

M.  C.  B.  axle,  5     by   9  inch  journals 6^  inches. 

M.  C  B.  axle,  55^  by  10  inch  journals 4^  inches. 

9.  Axles  will  be  considered  to  have  failed  on  chemiqal  test  and  will 
be  rejected  if  the  analysis  of  the  borings  taken  as  above  described  gives 
figures  for  the  various  constituents  below,  outside  the  following  limits, 
namely : 

Carbon below  0.35  per  cent,  or  above  0.50  per  cent. 

Manganese  above  0.60  per  cent 

Phosphorus above  0.07  per  cent 

In  order  to  measure  the  deflection,  prepare  a  straight-edge  as  long  as 
the  axle,  by  reinforcing  it  on  one  side,  equally  at  each  end,  so  that  when 
it  is  laid  on  the  axle,  the  reinforced  parts  will  rest  on  the  collars  of  the 
axle,  and  the  balance  of  the  straight-edge  not  touch  the  axle  at  any  place. 
Next  place  the  axle  in  position  for  test,  lay  the  straight-edge  on  it  and 
measure  the  distance  from  the  straight-edge  to  the  axle  at  the  middle  point 
of  the  latter.  Then,  after  the  first  blow,  place  the  straight-edge  on  the 
now  bent  axle  in  the  same  manner  as  before,  and  measure  the  distance 
from  it  to  that  side  of  the  axle  next  to  the  straight-edge  at  the  point 
farthest  away  from  the  latter.  The  difference  in  the  two  measurements  is 
the  deflection. 

JOURNAL  BOX^   BEARING   AND   PEDKSTAU 

At  the  convention  of  1903  the  M.  C.  B.  journal  boxes  and  contained 
parts  for  the  3^  by  7  inch,  4^  by  8  inch,  5  by  9  inch  and  5^  by  10  inch 
standard  axles,  as  shown  on  plate  i,  were  made  a  standard  of  the  Asso- 
ciation. They  are  shown  on  Sheets  M.  M.  2  to  13,  inclusive.  Revised  1908. 
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RECOMMENDATIONS. 


At  the  convention  in  1872  the  following  recommendations  were 
adopted : 

''In  the  matter  of  cost  of  keeping  up  the  repairs  of  engines  engaged 
in  switching  service  exclusively,  that  an  allowance  of  six  miles  per  hour 
for  the  time  that  such  engines  are  in  actual  use  be  allowed : 

"That  for  engines  running  local  freight  trains  an  allowance  of  six 
per  cent  to  the  train  mileage  be  added  for  switching: 

"That  where  engines  run  empty  to  exceed  one-half  mile  between 
where  the  trains  are  taken  or  left  and  the  roundhouse,  such  mileage  should 
be  computed,  and  that  for.  engines  running  through  freight  or  passenger 
trains  no  computation  should  be  made  for  switching: 

AIR    BRAKE    AND    SIGNAL    INSTRUCTIONS. 

At  the  convention  of  1892  a  code  of  Air  Brake  and  Signal  Instructions 
was  adopted  as  Recommendation  of  the  Association.  Some  modifica- 
tions were  made  in  1898,  and  the  modified  rules  are  shown  on  pages  205- 
228,  report  1898.    Revised,  June,- 1904,  as  follows   : 

The  title  of  the  revised  instructions  should  be, 

'•AIR   BRAKE   AND   TRAIN   AIR   SIGNAL   INSTRUC- 
TIONS.'' 

A.— GENERAL  INSTRUCTIONS. 

I.  The  following  rules  and  instructions  are  issued  for  the  govern- 
ment of  all  employes  of  this  railroad  whose  duties  bring  them  in  contact 
with  the  maintenance  or  operation  of  the  air  brake  and  train  air  signal. 
They  must  be  obeyed  in  all  respects,  as  employes  will  be  held  responsible 
for  the  observance  of  same  as  strictly  as  for  the  performance  of  any  other 
duty. 

Every  employe  whose  duties  are  connected  in  any  way  with  the  opera- 
tion of  the  air  brake  will  be  examined  from  time  to  time  as  to  his 
qualifications  for  such  duties  by  the  Inspector  of  Air  Brakes  or  other 
person  appointed  by  the  proper  authority,  and  a  record  will  be  kept  of 
such  examination. 

A  book  of  information  will  be  issued,  in  convenient  form,  giving  a 
complete  explanation  of  such  parts  of  the  air  brake  and  train  air  signal 
equipment  as  is  deemed  necessary  for  the  care  and  operation  of  same. 
Any  employe  of  this  railroad  whose  duties  require  a  knowledge  of  the 
operation  and  maintenance  of  the  air  brake  and  air  signal  will  be  furnished 
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with  a  copy  of  same  upon  application  at  place  designated  by  special  notice, 
and  every  employe  will  be  held  responsible  for  a  full  knowledge  of  his 
duties  in  the  operation  or  maintenance  of  the  air  brake  or  signal  equipment 

B.— INSTRUCTIONS  TO  ENGINEMEN. 

Enginemen  when  taking  charge  of  locomotives  must  see  that  the  air 
brake  apparatus  on  engine  and  tender  is  in  good  working  order,  and  that 
the  air  pump  and  lubricator  work  properly;  that  the  devices  used  for 
regulating  main  reservoir  and  train  pipe  pressures  are  adjusted  at  the 
authorized  amount;  that  brake  valve  works  properly  in  all  its  positions; 
and  that,  when  brakes  are  fully  applied,  with  cam  type  of  driver  brake 
the  pistons  do  not  travel  less  than  2  inches  nor  more  than  33^  inches, 
and  with  other  forms  from  4  inches  to  6  inches,  and  that  the  tender  brake 
piston  does  not  travel  less  than  6  inches  nor  more  than  9  inches.  They 
must  know  that  the  air  signal  responds  by  opening  hose  cock  on  its  train 
pipe. 

Enginemen  must  report  to  roundhouse  foremen,  in  writing,  at  the 
end  of  the  run,  any  defects  in  ^e  air  brake  or  train  air  signal  apparatus. 

Making  up  Teains,  Testing  Brakes  at  Terminal  Points  and 
Before  Starting  Down  Such  Grades  as  May  be  Designated  by  Special 
Instructions. —  The  train  pipe  under  the  tender  must  always  be  blown 
out  and  maximum  pressure  obtained  in  main  reservoir  before  coupling 
engine  to  train. 

After  the  train  has  t>een  charged  with  air  pressure,  the  engineman 
shall,  at  the  request  of  the  inspector  or  trainmen,  apply  the  brakes  with 
full  service  application  and  leave  them  so  applied  until  all  brakes  operated 
from  the  engine  have  been  inspected  and  the  signal  given  to  release.  The 
engineman  must  then  release  the  brakes  and  must  not  leave  the  station 
until  it  has  been  ascertained  that  all  brakes  are  released  and  he  has  been 
informed  by  the  inspector,  or  trainmen,  of  the  number  of  brakes  in  service 
and  their  condition.  In  testing  passenger  brakes,  the  American  Railway 
Association  code  of  train  air  signals  for  applying  or  releasing  must  be 
used,  one  of  which  signals  must  be  given  from  the  discharge  valve  00 
rear  car. 

Following  the  separation  of  couplings  for  local  switching,  or  when 
engine  or  train  has  been  parted  for  any  purpose,  the  above  test  need  not 
be  complied  with  further  than  to  ascertain,  by  test,  that  the  rear  brakes 
are  responsive  to  brake  valve  on  engine  and  that  all  brakes  have  properly 
released.  However,  when  cars  are  added  to  train,  the  brakes  on  snch 
cars  must  be  inspected  as  in  terminal  test.  When  a  passenger  train  back- 
up hose  is  to  be  used  to  control  the  train,  the  brakes  must  be  applied 
for  test  with  the  back-up  hose^  and  released  from  the  brake  valve  on  the 
locomotive. 

4.    Service  Appucation. —  In  applying  the  brakes  to  steady  the  train 
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on  descending  grades,  or  for  reducing  speed  for  any  purpose,  an  initial 
train  pipe  reduction  of  not  less  than  five  pounds  must  be  made.  Releasing 
brakes  at  lo^  speeds  must  be  performed  with  great  care,  dependent  upon 
local  conditions. 

With  freight  trains,  first  allow  the  slack  to  run  up  against  the  loco- 
motive. Great  care  must  then  be  taken  to  apply  the  brakes  with  five  to 
nine  pounds  reduction,  according  to  length  of  train  pipe,  and  not  make  a 
second  reduction  until  the  effect  of  the  first  reduction  is  felt  on  entire 
train,  in  order  lo  prevent  shocks  which  otherwise  might  be  serious.  When 
a  freight  train  must  be  brought  to  a  full  stop,  the  train  brakes  must  be 
held  applied  until  stop  is  made. 

In  making  a  service  stop  with  a  passenger,  train,  iiLWAYS  keleasb 

THE  BRAKES   A    SHORT  DISTANCE   BEFORE  COMING  TO  A   DEAD   STOP,   CXCCpt  On 

heavy  grades,  to  prevent  shocks  at  the  instant  of  stopping.  Even  on 
moderate  grades  it  is  best  to  do  this,  and  then,  after  release,  to  apply 
the  brakes  lightly,  to  prevent  the  train  starting,  so  that  when  ready  to 
start  the  release  will  take  place  quickly. 

5.  Emergency  Applications. —  The  emergency  application  of  the 
brakes  must  not  be  used,  except  in  actual  emergencies.  Under  such  con- 
ditions the  brake  valve  must  be  left  in  emergency  position  until '  train 
has  come  to  a  full  stop. 

Engineman's  Straight  Air  Brake  Valve  on  Locomotives. 

a  —  Always  keep  both  brakes  cut  in  and  ready  for  operation,  unless 

failure  of  some  part  requires  cutting  out. 
b — Always  carry  an  excess  pressure  of  ten  pounds,  or  more,  in  the 
main  reservoir,  as  this  is  necessary  to  insure  a  uniformly  satis- 
factory operation, 
c  —  When  using  the  automatic  brake,  keep  the  straight  air  brake  valve 
in  release  position;   and  when  using  straight  air,  keep  the  auto- 
matic brake  valve  in  running  position ;   this  to  avoid  driver  and 
tender  brakes  sticking, 
d  —  The  straight  air  reducing  valve  should  be  kept  adjusted  at  forty- 
five  pounds,  and  the  driver  and  tender  brake  safety  valves  at 
fifty-three  pounds. 
When  a  full  application  of  straight  air  causes  either  or  both  safety 
valves  to  operate,  it  indicates  that  same  are  out  of  order,  or  too  high 
adjustment  of  the  reducing  valve  or  too  low  adjustment  of  the  safety 
valve,  or  leakage  of  same.    Have  them  tested  and  adjusted. 

6.  Brakes  Applied  from  an  Unknown  Cause. —  If  it  is  found  that 
the  train  is  dragging  as  though  the  brakes  were  applied,  without  rapid 
falling  of  the  train  line  pointer,  the  engineman  must  make  an  effort  to 
release  the  brakes,  which  may  be  done  as  follows :  First,  if  train  pipe  pres- 
sure is  less  than  the  authorized  amount  and  the  required  excess  pressure  is 
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carried  in  the  main  reservoir,  move  the  handle  of  the  brake  valve  to  the 
full  release  position  for  a  few  seconds  and  then  return  it  to  the  running 
position;  secondly,  should  the  train  pipe  be  fully  charged  with  pressure, 
apply  the  brakes  with  a  five  or  ten  pounds  reduction,  according  to  the 
length  of  the  train  pipe,  and  release  the  brakes  in  the  usual  manner.  In 
case  the  brakes  can  not  be  released,  the  train  must  be  stopped  and  the 
trainmen  notified  to  examine  the  brakes. 

If,  however,  the  brakes  go  on  suddenly  with  a  fall  of  the  train  line 
pointer,  it  is  evidence  that  (a)  a  conductor's  valve  has  been  opened,  (b) 
a  hose  has  burst  or  other  serious  leak  has  occurred,  or  (c)  the  train  has 
parted.  In  such  an  event,  the  locomotive  throttle  should  be  closed  and 
the  brake  valve  handle  immediately  placed  on  lap  or  emergency  position, 
to  prevent  the  escape  of  air  from  the  main  reservoir,  and  left  there  until 
the  train  has  stopped  and  the  brake  apparatus  has  been  examined  and 
the  signal  to  release  given. 

7.  Braking  by  Hand. —  Never  Use  the  Ant  Brake  when  it  is  known 
that  the  trainmen  are  operating  the  brakes  of  the  air  brake  cars  by  hand, 
except  in  cases  of  emergency,  as  there  is  danger  of  injury  to  the  trainmen 
by  so  doing. 

8.  Cutting  Out  Brakes. —  The  Driver  and  Tender  Brakes  Must 
Always  be  Used  Automatically  at  Every  Application  of  the  Train 
Brake,  unless  defective,  except  upon  such  grades  as  shall  be  designated 
by  special  instructions. 

When  necessary  to  cut  out  either  driver  or  tender  brake,  on  account 
of  defects,  it  shall  be  done  by  turning  the  handle  of  the  four-way  cock 
in  the  triple  valve  down  to  a  position  midway  between  a  horizontal  and 
a  vertical  position,  first  releasing  the  brake  and  leaving  the  bleed  cock 
open.  With  the  special  types  of  triple  valve,  close  the  cut-out  cock  in 
the  branch  pipe. 

9.  Double  "Headers. —  When  two  or  more  locomotives  are  coupled 
ill  the  same  train,  the  brakes  must  be  connected  through  to  and  operated 
from  the  head  engine.  For  this  purpose  a  cock  is  placed  in  the  train 
pipe,  just  below  the  brake  valve.  Engineman  of  each  locomotive  except 
the  head  one  must  close  this  cock  and  carry  the  handle  of  brake  vs^lve  in 
running  position.  He  will  start  his  air  pump  and  let  it  run,  as  though  he 
were  going  to  use  the  brake,  for  the  purpose  of  maintaining  air  pressure 
on  his  locomotive  and  enabling  him  to  assume  charge  of  the  train  brakes 
should  occasion  require  it. 

10.  An  Extra  Air-Brake  Hose,  Complete,  must  always  be  carried 
on  the  locomotive,  for  repairs  in  case  of  burst  hose.  Upon  locomotives 
having  the  air  signal,  a  signal  hose,  complete,  must  also  be  earned  for 
the  same  purpose. 

C— INSTRUCTIONS   TO   TRAINMEN. 

11.  Making  up  Trains  and  Testing  Air  Brakes. —  When  the  loco- 
motive has  been  coupled  to  the  train,  or  when  two  sections  have  been 
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coupled  together,  the  brake  and  signal  couplings  must  be  united,  the  cocks 
in  the  train  pipes  —  both  brake  and  signal  —  must  all  be  open,  except 
those  at  the  rear  end  of  the  last  car,  which  must  be  closed,  and  the  hose 
hung  up  properly  in  the  dummy  coupling,  when  cars  are  so  equipped. 

After  the  train  has  been  charged  with  air,  the  engineman  must  then 
be  requested  to  apply  the  brakes.  When  he  has  done  so,  the  brakes  of 
each  car  must  be  examined  to  see  if  they  are  properly  applied.  When  it  is 
ascertained  that  each  brake  is  applied,  the  engineman  must  be  signaled  to 
release  the  brakes.  (In  testing  passenger  brakes  the  American  Railway 
Association  train  air  signal  whistle  code  for  applying  or  releasing  must 
be  used,  one  of  which  signals  must  be  given  from  the  discharge  valve  on 
the  rear  car.)  The  brakes  of  each  car  must  then  be  examined  to  see  that 
each  is  released,  and  the  engineman  informed  as  to  the  number  of  brakes 
in  service  and  their  condition. 

If  any  defect  is  discovered  it  must  be  remedied  and  the  brakes  tested 
again  —  the  operation  being  repeated  until  it  is  ascertained  that  every- 
thing is  right.  The  conductor  and  engineman  must  then  be  notified  that 
the  brakes  are  all  right  Following  the  separation  of  couplings  for  local 
switching,  or  when  engine  or  train  has  been  parted  for  any  purpote,  the 
above  test  need  not  be  complied  with  other  than  to  ascertain,  by  test, 
that  the  rear  brakes  are  responsive  to  brake  valve  on  engine  and  that  all 
brakes  have  properly  released.  At  points  where  there  are  no  inspectors, 
trainmen  must  carry  out  these  instructions.  No  passenger  train  must  be 
started  out  from  an  inspection  point  with  the  brakes  upon  any  car  cut 
out  or  in  a  defective  condition,  without  special  orders  from  the  proper 
officers.  The  air  brakes  must  not  be  alone  relied  upon  to  control  any 
freight  train  with  a  smaller  proportion  of  cars  with  the  air  brake  in 
service  than  provided  for  by  special  instructions.  When  hand  brakes 
are  also  used  they  must  be  applied  upon  those  cars  next  behind  the  air- 
braked  cars,  except  in  cases  of  emergency. 

12.  Detaching  Locomotive  or  Cars. —  First  close  the  cocks  in  the 
train  pipes  at  the  point  of  separation,  and  then  part  the  couplings, 
invariably  by  hand. 

13.  Couplings  Frozen. —  If  the  couplings  are  found  to  be  frozen 
together  or  covered  with  an  accumulation  of  ice,  the  ice  must  first  be 
removed  and  then  the  couplings  thawed  out  by  a  torch  to  prevent  injury 
to  the  gaskets. 

14.  Brakes  Sticking. —  If  brakes  are  found  sticking,  the  signal 
"  brakes  sticking  "  must  be  given  as  hereafter  prescribed  by  the  American 
Railway  Association,  or  by  special  rules,  in  which  case,  if  the  brakes  can 
not  be  released  from  the  locomotive,  or  if  the  brakes  are  applied  to 
detached  cars,  the  release  may  be  effected  by  opening  the  bleed  cock  in  the 
auxiliary  reservoir  until  the  air  begins  to  release  through  the  triple  valve, 
when  the  reservoir  cock  must  immediately  be  closed. 

15.  Train   Breaking  Into  Two  or  More  Parts. —  First  close  the 
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cock  in  the  train  pipe  at  the  rear  of  the  first  section  and  signal  the 
engineman  to  release  the  brakes.  Having  coupled  to  the  second  section, 
observe  the  rule  for  making  up  trains  —  first  being  sure  that  the  cock 
in  the  train  pipe  at  the  rear  of  second  section  has  been  closed,  if  the 
train  has  broken  iiito  more  than  two  sections.  When  the  engineman  has 
released  the  brakes  on  the  second  section,  the  same  method  must  be 
employed  with  refence  to  the  third  section,  and  so  on.  When  the 
train  has  been  once  more  entirely  united,  the  brakes  must  be  inspected  on 
each  car  to  see  that  all  are  released  before  proceeding. 

i6.  Cutting  Out  the  Brake  on  a  Car. —  If,  through  any  defect  of 
the  brake  apparatus,  it  becomes  necessary  to  cut  out  the  brake  upon 
any  car,  it  may  be  done  by  closing  the  cock  in  the  cross-over  pipe  near 
the  center  of  the  car  where  the  quick-action  brake  is  used,  or  by  turning 
the  handle  of  the  cock  in  the  triple  valve  to  a  position  midway  between 
a  horizontal  and  a  vertical,  where  the  plain  automatic  brake  is  used,  first 
releasing  the  brake.  With  the  special  types  of  triple  valves,  close  the  cut- 
out cock  in  the  branch  pipe.  When  the  brake  has  been  thus  cut  out,  the 
cock  in  the  auxiliary  reservoir  must  be  opened  and  left  open  upon  pas- 
sengeff  cars,  or  held  open  until  all  the  air  has  escaped  from  the  reservoir 
upon  freight  cars.  The  brake  must  never  be  cut  out  upon  any  car 
UNLESS  THE  APPARATUS  IS  DEFECTIVE,  and  when  it  is  necessary  to  cut  out 
a  brake  the  conductor  must  notify  the  engineman  and  also  send  in  a  report 
stating  the  reason  for  so  doing. 

17.  Conductor's  Valve.— Should  it  become  necessary  to  apply  the 
brakes  from  the  train,  it  may  be  done  by  opening  the  conductor's  valve 
placed  in  each  car  so  equipped.     The  valve  must  be  held  open  until 

THE  train  comes  TO  A  FULL  STOP,  AND  THEN  MUST  BE  CLOSED  AGAIN. 

This  method  of  stopping  the  train  must  not  be  used  except  in  case 
of  emergency. 

18.  Burst  Hose. —  In  the  event  of  the  bursting  of  a  brake  hose,  it 
must  be  replaced  and  the  brakes  tested  before  proceeding,  provided  the 
train  be  in  a  safe  place.  If  it  is  not,  the  train  pipe  cock  immediately  in 
front  of  the  burst  hose  must  be  closed,  and  the  engineman  signaled  to 
release.  All  the  brakes  to  the  rear  of  the  burst  hose  must  then  be  released 
by  hand,  and  the  train  must  then  proceed  to  a  safe  place  where  the  burst 
hose  must  be  replaced  and  the  brakes  again  connected  and  tested,  so  as 
to  ascertain  that  the  rear  brakes  are  responsive,  by  test,  to  the  brake  valve 
on  engine.  One  extra  air  brake  hose  complete  should  be  carried  by  all 
crews  and  one  extra  signal  hose  complete  carried  by  passenger  crews  for 
repairs. 

19.  Brakes  Not  in  Use. —  When  the  air  brakes  are  not  in  use,  either 
upon  the  road  or  in  switching,  the  hose  must  be  kept  coupled  between  the 
cars  or  hung  up  properly  to  the  dummy  couplings,  when  cars  are  so 
equipped. 

20.  Pressure-Retaining  Valve. —  When  this  valve  is  to  be  used. 
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the  trainmen  must,  at  the  top  of  the  grade,  test  the  brakes  upon  the  whole 
train,  and  must  then  pass  over  the  train  and  turn  the  handles  of  the 
pressure-retaining  valves  horizontally  upon  all  or  a  part  of  the  cars,  as 
may  be  directed.  At  the  foot  of  the  grade,  the  handles  must  all  be 
turned  downward  again.  Special  instructions  will  be  issued  as  to  the 
grades  upon  which  these  valves  are  to  be  used. 

21.  Train  Air  Signal. —  In  making  up  trains,  all  couplings  and  car 
discharge  valves  on  the  cars  must  be  examined  to  see  if  they  are  tight 
Should  the  car  discharge  valve  upon  any  car  be  found  to  be  defective, 
it  may  be  cut  out  of  use  upon  that  car  by  closing  the  cock  in  the  branch 
pipe  leading  to  the  valve.  The  conductor  must  always  be  immediately 
notified  when  the  signal  has  been  cut  out  upon  any  car,  and  he  must 
report  the  same  for  repairs. 

In  using  the  signal,  pull  directly  down  upon  the  cord  during  one 
full  second  for  each  intended  blast  of  the  signal  whistle,  and  allow  three 
seconds  to  elapse  between  the  pulls. 

22.  Reporting  Defects  to  Inspectors. —  Any  defect  in  either  the 
air  brake  or  air  signal  apparatus  discovered  must  be  reported  to  the 
inspector  at  the  end  of  the  run;  or,  if  the  defect  be  a  serious  one  in 
passenger  service,  it  must  be  reported  to  the  nearest  inspector,  and  it 
must  be  remedied  before  the  car  is  again  placed  in  service. 

D.— INSTRUCTIONS  TO  ENGINE-HOUSE  FOREMEN. 

23.  General. —  It  is  the  duty  of  the  eng^e-house  foremen  to  sec 
that  the  air  brake  and  signal  equipment  is  properly  inspected  upon  each 
locomotive  after  each  run.  It  must  be  ascertained  that  all  pipe  joints, 
connections  and  all  other  parts  of  the  apparatus  are  air  tight,  duplex 
gauges  tested  every  thirty  days,  and  that  the  apparatus  is  in  good  working 
order. 

24.  Air  Pump. —  The  air  pump  must  be  tested  under  pressure,  and 
if  found  to  be  working  imperfectly  in  ai\y  respect,  it  must  be  put  into 
thoroughly  serviceable  condition. 

25.  Pump  Governor. —  The  pump  governor  should  cut  off  the  steam 
supply  to  the  pump  when  authorized  pressure  has  been  obtained. 

26.  Brake  Valve. —  This  valve  must  be  kept  clean  and  known  to  be 
in  working  order  in  all  its  positions,  before  the  locomotive  leaves  the 
engine-house. 

^,  Adjustment  of  Brakes. —  The  driver  brakes  must  be  so  adjusted 
that  the  piston  travel  on  the  cam  type  will  be  not  less  than  2  inches  nor 
more  than  ZV2  inches,  and  in  other  forms  not  less  than  4  inches  nor  more 
than  6  inches.  When  the  cam  brake  is  used  care  must  be  taken  to 
adjust  both  cams  alike,  so  that  the  point  of  contact  of  the. cams  shall 
be  in  line  with  the  piston  rod.  The  tender  brake  must  be  adjusted  by 
means  of  the  dead  truck  levers,  so  that  the  piston  travels  not  less  than 
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six  inches  when  the  air  brake  is  applied  and  the  hand  brake  is  released. 
This  adjustment  must  be  made  whenever  the  piston  travel  is  found  to 
exceed  nine  inches. 

28.  Brake  Cylinders  and  Triple  Valves.-— These  must  be  examined, 
cleaned  and  lubricated  at  least  once  every  six  months.  A  record  must  be 
kept  of  the  dates  of  last  cleaning  and  lubrication  of  these  parts  for  each 
locomotive. 

29.  Draining. —  The  main  reservoir,  and  also  the  drain  cup  in  the 
train  pipe  under  the  tender,  must  be  drained  of  any  accumulation  after 
each  trip.  The  auxiliary  reservoirs  and  triple  valves  must  also  be  drained 
frequently,  and  daily  in  cold  weather,  and  the  train  pipe  under  the  engine 
and  tender  blown  out. 

30.  Air  Signal. —  The  train  air  signal  apparatus  must  be  examined 
and  tested  by  suitable  appliances  from  both  the  head  of  the  engine  and 
the  rear  of  the  tender,  to  know  that  the  whistle  responds  properly.  A 
pressure  gauge  must  be  applied  to  the  air  signal  pipe  once  each  month, 
and  oftener  if  found  to  be  necessary,  to  ascertain  that  the  reducing  valve 
maintains  the  authorized  pressure  per  square  inch  in  the  train  signal  pipe. 

E.— INSTRUCTIONS  TO  INSPECTORS. 

31.  General. —  It  is  the  duty  of  all  inspectors  to  see  that  *the 
couplings,  the  pipe  joints,  the  triple  valves,  the  high  speed  reducing 
valve,  the  conductor's  valves,  the  air  signal  valves,  and  all  other  parts 
of  the  brake  and  signal  apparatus  are  in  good  order,  of  standard  size 
for  the  car  and  free  from  leaks.  For  this  purpose  they  must  be  tested 
under  the  full  air  pressure  as  used  in  service.  No  passenger  train  must 
be  allowed  to  leave  a  terminal  station  with  the  brake  upon  any  car  cut 
out,  or  in  a  defective  condition,  without  special  orders  from  the  proper 
officer. 

If  a  defect  is  discovered  in  the  brake  apparatus  of  a  freight  car, 
which  can  not  be  held  long  enough  to  give  time  to  correct  such  defect, 
the  brake  must  be  cut  out  and  the  car  properly  carded,  to  call  the  attention 
of  the  next  inspector  to  the  repairs  required. 

Special  rules  will  specify  the  smallest  proportion  of  freight  cars, 
with  the  air  brakes  in  good  condition,  which  may  be  used  in  operating 
the  train  as  an  air  brake  train. 

32.  Making  up  Trains  and  Testing  Brakes. —  In  making  up  trains, 
the  couplings  must  be  united  and  the  cocks  at  the  ends  of  the  cars  all 
opened,  except  at  the  rear  end  of  the  last  car,  where  the  cocks  must  be 
closed ;  the  inspector  must  know  that  the  air  is  passing  through  the  pipes 
to  the  rear  end,  and  the  couplings  properly  hung  up  to  the  dummy 
couplings  if  so  equipped.  After  the  train  is  fully  charged  the  engineman 
must  be  requested  to  apply  the  brakes.  When  the  brakes  have  been 
applied,  they  must  be  examined  upon  each  car  to  see  that  they  are  applied 
with  proper  piston  travel.     This  having  been  ascertained,  the  inspector 
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must  signal  the  engineman  to  release  the  brakes.  (In  testing  passenger  ' 
brakes  the  American  Railway  Association  train  air  signal  whistle  code 
for  applying  or  releasing  must  be  used,  one  of  which  signals  must  be 
given  from  the  discharge  valve  on  the  rear  car.)  He  must  then  again 
examine  the  brakes  upon  each  car  to  note  that  all  have  released.  If  any 
defect  is  discovered,  it  must  be  corrected  and  the  testing  of  the  brakes 
repeated,  until  they  are  found  to  work  properly.  The  inspector  must 
then  inform  both  the  engineman  and  conductor  of  the  number  of  cars 
with  brakes  in  good  order. 

This  examination  must  be  repeated  if  any  change  is  made  in  the 
make-up  of  the  train  before  starting. 

High  Speed  Reducing  Valves  on  Locomotives  and  Tenders  must 
be  tested  at  least  once  every  month,  and  adjusted  to  authorized  pressure,  if 
necessary,  and  cleaned  and'  lubricated  at  least  once  in  three  months,  and 
oftener  if  tests  show  that  same  is  necessary. 

33.  Cleaning  Cylinders  and  Triple  Valves. —  The  brake  cylinders 
and  triple  valves  must  be  kept  clean  and  free  from  gum.  They  must  be 
cleaned  and  lubricated  as  often  as  once  in  six  months  upon  passenger  cars, 
and  once  in  twelve  months  upon  freight  cars.  The  dates  of  the  last 
cleaning  and  lubrication  must  be  marked  with  white  paint  on  the  cylinder 
or  reservoir,  in  the  space  left  opposite  the  words : 

Cylinder,  cleaned  and  lubricated 

Triple,  cleaned  and  lubricated 

The  triple  valves  and  auxiliary  reservoirs  must  be  frequently  drained, 
especially  in  cold  weather,  by  removing  the  plug  in  the  bottom  of  the 
triple  valve  and  opening  the  bleed  cock  in  the  reservoir. 

34.  Graduating  Springs. —  The  graduating  springs  in  the  Westing- 
house  quick-action  freight  triple  valves  are  .049  inch  in  diameter,  nickeled- 
steel  wire,  16  coils,  2^  inches  free  height,  29-64  inch  inside  diameter,  and 
in  passenger  .08  inch  diameter,  nickeled-steel  wire,  1354  coUs,  2^  inches 
free  height,  29-64  inch  inside  diameter.  The  graduating  springs  used 
in  the  Westinghouse  plain  triple  valve  in  locomotive  service  are  made  of 
phosphor-bronze  wire,  .083  inch  in  diameter,  12  coils,  2^  inches  free  height, 
25-64  inch  inside  diameter. 

35.  Adjustment  of  Brakes. —  The  slack  of  the  brake  shoes  must  be 
taken  up  by  means  of  the  dead  truck  levers. 

In  taking  up  such  slack  it  must  be  first  ascertained  that  the  hand 
brakes  are  off,  and  the  slack  is  all  taken  out  of  the  upper  connections, 
so  that  the  truck  levers  do  not  go  back  within  one  inch  of  the  truck 
timber  or  other  stop,  when  the  piston  of  the  brake  cylinder  is  fully  back 
at  the  release  position.  When  under  a  full  application  the  brake  piston 
travel  is  found  to  exceed  nine  inches  upon  passenger  or  freight  cars,  the 
brake  shoe  slack  must  be  taken  up  and  the  adjustment  so  made  that  the 
piston  shall  travel  not  less  than  six  inches.  In  taking  up  the  brake  shoe 
slack  it  must  never  be  taken  up  by  hand  brakes.    Where  automatic  slack 
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adjusters  are  applied  to  any  car,  such  adjuster  must  be  fully  released 
before  the  slack  is  taken  up  elsewhere. 

36.  Braking  Power,— Where  the  cylinder  lever  has  more  than  one 
hole  at  the  outer  end  the  different  holes  are  for  use  upon  cars  of  different 
weights. 

It  must  be  carefully  ascertained  that  the  rods  are  connected  to  the 
proper  holes,  so  that  the  correct  braking  power  shall  be  exerted  upon  each 
car. 

Z7'  Repair  Parts. —  Inspectors  must  keep  constantly  on  hand  for 
repairs  a  supply  of  all  parts  of  the  brake  and  signal  equipment  that  are 
liable  to  get  out  of  order. 

38.  Hanging  Up  Hose. —  Inspectors  must  sec  that,  when  cars  are 
being  switched  or  standing  in  the  yard,  the  hose  is  coupled  between  the 
cars  or  properly  secured  in  the  dummy  couplings,  when  cars  arc  so 
equipped. 

39.  Responsibiuty  of  Inspectors. —  Inspectors  will  be  held  strictly 
responsible  for  the  good  condition  of  all  the  brake  and  signal  apparatus 
upon  cars  placed  in  trains  at  their  stations;  they  will  also  make  any 
examination  of  brake  apparatus  or  repairs  to  the  same  which  they  may 
be  called  upon  to  do  by  trainmen. 

GENERAL   QUESTIONS   REGARDING  THE   USE   OF 
THE   AIR   BRAKE  AND  TRAIN   AIR   SIGNAL. 

GENERAL. 

(All  parties  who  have  to  do  with  the  use,  adjustment,  care  or  repairs 
of  air  brakes  should  be  thoroughly  examined  on  these  questions,  in  addi- 
tion to  the  special  questions  for  each  class  of  men  following  them.) 

1.  Question.    What  is  an  air  brake? 

Answer.    It  is  a  brake  applied  by  compressed  air. 

2.  Q.    How  is  the  air  compressed? 

A.    By  an  air  pump  on  the  locomotive. 

3.  Q.    How  does  the  compressed  air  apply  the  brakes? 

A.  It  is  admitted  into  a  brake  cylinder  on  each  car,  and  it  pushes 
out  a  piston  in  that  cylinder,  which  pulls  the  brake  on. 

4.  Q.    How  does  the  piston  get  back  when  the  brakes  arc  released? 
A.    There  is  a  spring  around  the  piston  rod  which  is  compressed 

when  the  brakes  are  applied,  and  when  the  air  is  allowed  to  escape  to 
release  the  brakes,  this  spring  reacts  and  pushes  the  piston  in  again. 

5.  Q.  Where  is  the  compressed  air  kept  ready  for  use  in  the  auto- 
matic air  brake? 

A.  In  the  main  reservoir  on  the  locomotive,  in  the  smaller  or  auxiliary 
reservoir  on  each  car,  and  in  the  train  pipe. 
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6.  Q.  Where  does  the  compressed  air  come  from  directly  that  enters 
into  the  brake  cylinder  when  the  automatic  brake  is  applied? 

A.  It  comes  from  the  auxiliary  reservoir  on  each  car  in  service 
application,  and  from  the  auxiliary  reservoir  and  train  pipe  in  emergency 
application. 

7.  Q.    How  does  it  get  into  the  auxiliary  reservoir? 

A.  It  is  furnished  from  the  main  reservoir  on  the  locomotive  through 
the  train  pipe  and  triple  valve  when  the  brakes  are  released. 

8.  Q.    How  is  the  automatic  brake  applied  and  released? 

A.  The  automatic  brake  is  applied  by  reducing  the  air  pressure  in 
the  train  pipe  below  that  in  the  auxiliary  reservoir,  and  is  released  by 
raising  the  train  pipe  pressure  above  that  remaining  m  the  auxiliary 
reservoir. 

9.  Q.  Why  does  the  compressed  air  not  enter  directly  into  the  brake 
cylinder  from  the  train  pipe? 

A.  Because  the  triple  valve  used  with  the  automatic  brake  prevents 
the  air  from  entering  directly  from  the  train  pipe  to  the  brake  cylinder 
when  the  pressure  in  the  train  pipe  is  maintained  or  increased. 

10.  Q.    What  other  uses  has  the  triple  valve  ? 

A.  It  causes  the  brake  cylinder  to  be  opened  to  the  atmosphere 
under  each  car,  to  release  the  brakes  when  the  pressure  in  the  train  pipe 
is  made  greater  than  that  in  the  auxiliary  reservoir,  and  it  opens  com- 
munication from  the  train  pipe  to  the  auxiliary  reservoir  by  the  same 
movement;  when  the  pressure  in  the  train  pipe  is  reduced  it  closes  the 
openings  from  the  train  pipe  to  the  auxiliary  reservoir  and  from  the 
brake  cylinder  to  the  atmosphere,  and  then  opens  the  passage  between 
the  auxiliary  reservoir  and  the  brake  cylinder  by  the  same  movement, 
so  as  to  admit  the  air  and  apply  the  brakes. 

11.  Q.  How  many  forms  of  triple  valves  are  there  in  use,  and  what 
are  they  called  ? 

A.    Two ;   the  plain  triple  and  the  quick-action  triple. 

12.  Q.    How  can  you  tell  the  plain  triple  from  the  quick-action  triple? 
A.    The  plain  triple  has  a  four-way  cock  in  it,  with  a  handle  for 

operating  the  cock;  the  quick-action  triple  has  no  such  cock  in  it,  but 
there  is  a  plug  cock  in  the  cross-over  pipe  leading  from  the  train  pipe  to 
the  triple,  when  the  quick-action  triple  is  used. 

13.  Q.    What  are  these  cocks  for  in  both  cases? 

A.  They  are  to  be  used  to  cut  out  brakes  on  one  car,  without  inter- 
fering with  other  brakes  on  the  train,  if  the  brake  on  that  car  has  become 
disabled.  • 

14.  Q.  How  does  the  cock  handle  stand  in  the  plain  triple  when  the 
pipe  is  open  for  automatic  action  ? 

A.     It  stands  in  a  horizontal  position. 
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15.  Q.  In  what  position  does  the  same  handle  stand  when  the  brakes 
are  cut  out  by  closing  the  cock? 

A.  It  stands  at  an  inclined  position  midway  between  horizontal  and 
vertical. 

i6.  Q.  How  does  the  handle  in  the  plug  cock  in  the  cross-over  pipe 
used  with  the  quick  action  triple,  stand  for  automatic  action? 

A.  It  stands  with  the  handle  crosswise  with  the  pipe,  and  groove  io 
plug  lengthwise  when  cock  is  open. 

17.  Q.  How  does  the  handle  and  groove  stand  when  the  cock  is  closed 
and  brake  cut  out  of  action? 

A.  It  stands  with  the  handle  lengthwise  of  cross-over  pipe,  and  the 
groove  crosswise  when  closed. 

18.  Q.    How  is  the  train  pipe  coupled  up  between  the  cars  ? 

A.  By  means  of  a  rubber  hose  on  each  end  of  the  train  pipe,  fitted 
with  a  coupling  at  the  loose  end. 

19.  Q.    How  is  the  train  pipe  closed  at  the  rear  end  of  train  ? 

A.    By  closing  the  cock  in  the  train  pipe  at  the  rear  end  of  last  car. 

20.  Q.  How  many  such  train  pipe  cocks  are  there  to  a  car,  on  the 
air  brake  train  pipe  and  on  the  air  signal  train  pipe,  and  why? 

A.  Two  for  each  pipe  on  each  car,  because  either  end  of  any  car 
may  sometimes  be  at  the  rear  end  of  the  train. 

21.  Q.  How  many  kinds  of  train  pipe  cocks  are  there  in  use  at  the 
ends  of  the  cars? 

A.    Two. 

22.  Q.  Describe  each  and  give  the  position  of  the  handle  and  groove 
for  open  and  closed  in  each  case. 

A.  The  older  form  of  train  pipe  cock  is  a  straight  plug  cock  in  the 
train  pipe,  not  far  from  the  hose  connection;  the  handle  stands  crosswise 
with  the  pipe  when  it  is  open,  and  lengthwise  with  the  pipe  when  dosed; 
it  is  now  found  principally  on  the  air  signal  pipe.  The  other  form  of 
train  pipe  cock  now  used  on  the  air  brake  pipe  is  an  angle  cock  placed 
at  the  end  of  the  train  pipe  and  close  to  the  hose.  The  handle  of  the 
angle  cock  stands  lengthwise  with  the  pipe  when  open,  and  crosswise  with 
the  pipe  when  closed.  The  groove  is  also  a  guide  to  tell  whether  open  or 
closed. 

23.  Q.  What  uses  have  these  train  pipe  cocks  besides  to  close  the 
pipe  at  the  end  of  the  train? 

A.  They  are  used  to  close  the  train  pipe  at  both  sides  of  any  hose 
coupling  which  is  to  be  parted^  as  when  the  train  is  cut  in  two. 

24.  Q.  Why  is  it  necessary  to  close  the  train  pipe  on  both  sides  of 
the  hose  coupling  before  it  is  parted? 

A.  To  prevent  the  escape  of  air  from  the  train  pipe,  which  would 
apply  the  brakes. 
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25-  Q.  How  must  the  hose  coupling  be  parted  when  it  is  necessary 
to  do  so,  and  why? 

A.  The  air  brake  must  first  be  released  on  the  train  from  the  loco- 
motive, then  the  adjacent  train  pipe  cocks  must  both  be  closed  and  the 
coupling  must  be  parted  by  hand,  to  prevent  the  possibility  of  injury  to 
the  rubber  gasket  in  the  coupling. 

26.  Q.  Why  must  the  brakes  be  fully  released  before  uncoupling  the 
hose  between  the  cars? 

A.  Because  if  the  brakes  are  applied  upon  a  detached  car  they  can 
not  be  released  without  bleeding  the  auxiliary  reservoir. 

27.  Q.  In  coupling  or  uncoupling  the  hose  between  cars,  what  must 
be  done  if  there  is  ice  on  the  couplings? 

A.  The  ice  must  first  be  removed  and  the  couplings  thawed  out, 
so  as  to  prevent  injury  to  the  rubber  gaskets  in  uncoupling,  and  to  insure 
tight  joints  in  coupling  the  hose.  ^ 

28.  Q.  What  must  be  done  with  a  hose  coupling  which  is  not 
coupled  up,  such  as  the  rear  hose  of  a  train,  or  any  hose  on  a  car  which 
is  standing  or  running,  but  not  in  use  ? 

A.  It  must  be  placed  in  the  dummy  coupling  if  provided  for  in  such 
manner  that  the  flat  pad  on  the  dummy  will  close  the  opening  in  the 
coupling. 

29.  Q.  What  pressure  should  be  carried  in  the  train  pipe  and 
auxiliary  reservoir? 

A.    The  authorized  pressure,  as  per  special  instructions. 

30.  Q.    Why  should  the  authorized  pressure  be  maintained? 

A.  Because  this  pressure  is  necessary  to  get  the  full  braking  force 
which  each  car  is  capable  of  using,  and,  if  it  be  exceeded,  there  will  be 
danger  of  sliding  the  wheels. 

31.  Q.  How  much  pressure  can  be  obtained  in  the  brake  cylinder  by 
the  service  application  of  the  brakes  with  seventy  pounds  in  the  auxiliary 
reservoir  ? 

A.  About  fifty  pounds  to  the  square  inch,  with  an  8-inch  piston 
travel. 

32.  Q.  Wh>  can  only  fifty  pounds  pressure  be  obtained  under  these 
circumstances  ? 

A.  Because  the  air  at  seventy  pounds  pressure  in  the  auxiliary 
reservoir  expands  into  an  additional  space  when  the  auxiliary  reservoir 
is  opened  to  the  brake  cylinder,  and  when  the  pressure  has  become 
equalized  it  is  thus  reduced  to  fifty  pounds. 

33.  Q.  How  much  n^st  the  train  pipe  pressure  be  reduced,  in  order 
to  get  fifty  pounds  pressure  in  the  brake  cylinder,  in  ordinary  service? 

A.    Twenty  pounds. 
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34-  Q.  Can  the  brakes  be  applied  so  as  to  get  only  a  portion  of  this 
fifty  pounds  pressure  in  the  brake  cylinder,  and  how? 

A.  They  can  be  so  applied  by  reducing  the  train  pipe  pressure  less 
than  twenty  pounds. 

35.  Q«  If  the  train  pipe  pressure  be  reduced  ten  pounds,  what  will 
be  the  pressure  in  the  brake  cylinder? 

A.    About  twenty-five  pounds. 

36.  Q.    How  is  this  graduated  action  obtained  ? 

A.    By  means  of  the  graduating  valve  in  the  triple  valve. 

37.  Q.  Is  it  important  to  keep  all  the  air  brake  apparatus  tight  and 
free  from  leaks? 

A.    Yes. 

38.  Q.    Why  is  this  important? 

A.  In  order  to  get  full  service  from  the  air  brakes,  and  to  prevent 
the  waste  of  air,  and  also  to  prevent  the  brakes  applying  automatically 
by  reason  of  leak  in  the  train  pipe. 

39.  Q.  Is  it  important  to  know  that  the  train  pipe  is  open  throughout 
the  train  and  closed  at  the  rear  end  before  starting  out? 

A.    Yes,  this  is  very  important 

40.  Q.     Why  is  this  very  important? 

A.  Because  if  any  cock  in  the  train  pipe  were  closed,  all  the  brakes 
back  of  the  cock  which  is  closed  would  be  prevented  from  working. 

41.  Q.  How  can  you  ascertain  that  the  train  pipe  cocks  are  all  open 
when  the  train  is  made  up? 

A.  By  testing  the  brakes;  that  is,  by  applying  and  releasing  them, 
and  observing  whether  they  all  operate. 

42.  Q.  Do  you  understand  that  no  excuse  will  be  acceptable  for 
starting  out  the  train  without  first  testing  the  air  brakes? 

A.    Yes. 

43.  Q.    Why  is  this  rule  absolute? 

A.  .  Because  the  safety  of  passengers  and  of  property  depends  upon 
the  brakes  being  properly  coupled  up  and  in  an  operating  condition  before 
the  train  is  started. 

44.  Q.    At  what  other  times  should  the  brakes  be  tested  ? 

A.  After  each  change  in  the  make-up  of  the  train  and  before  starting 
the  train  down  certain  designated  grades. 

45.  Q.    From  where  does  the  air  signal  apparatus  receive  its  pressure? 
A.    From  the  main  air  reservoir  through  the  reducing  valve. 

46.  Q.  How  much  air  pressure  should  be  carried  in  the  air  signal 
train  pipe? 

A.    The  authorized  pressure. 

47.  Q.  Is  it  important  that  this  train  pipt  and  its  connections  be 
also  kept  tight? 

A.    Yes. 
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48.  Q.  After  taking  up  the  slack  of  the  brake  shoes,  how  far  should 
the  brake  piston  travel  in  the  cylinders  on  cars  and  tenders  with  a  full 
application  of  the  brake? 

A.    Not  less  than  six  inches,  nor  more  than  nine  inches. 

49.  Q.  What  would  happen  if  the  piston  traveled  less  than  six  inches 
when  brake's  are  fully  applied  ? 

A.  A  partial  application  of  the  brakes  might  not  force  the  piston 
beyond  the  leakage  groove  in  the  brake  cylinder  provided  for  the  esca'pe 
of  small  amounts  of  air. 

50.  Q.  Why  should  the  piston  travel  not  be  permitted  to  exceed  nine 
inches  on  passenger  cars,  tenders,  or  freight  cars? 

A.  Because  if  it  travels  farther  than  this  when  sent  out,  a  little  wear 
of  the  brake  shoes  will  cause  the  piston  to  travel  far  enough  to  rest 
against  the  back  cylinder  head  when  the  brakes  are  applied,  and  this 
cylinder  head  would  then  take  the  pressure  instead  of  its  being  brought 
upon  th^  brake  shoes. 

51.  Q.  How  far  should  the  driver  brake  piston  travel  with  a  full 
application  of  the  brakes,  and  why? 

A.  Not  less  than  two  inches  nor  more  than  three  and  one-half 
inches  for  the  cam  type  of  brake,  and  from  four  to  six  inches  for  other 
forms. 

52.  Q.  If  the  brakes  stick  upon  any  car  so  that  the  engineman  can  not 
release  them  at  any  time,  how  should  they  be  released? 

A.  By  opening  the  release  cock  in  the  auxiliary  reservoir  and  hold- 
ing it  open  until  air  begins  to  escape  from  the  triple  valve,  and  then 
closing  it  again. 

53.  Q.    What  is  the  pressure  retaining  valve,  and  what  is  its  use? 

A.  The  pressure  retaining  valve  is  a  small  valve  placed  at  the  end 
of  a  pipe  from  the  triple  valve,  through  which  the  exhaust  takes  place 
from  the  brake  cylinder.  It  is  used  to  retard  the  brake  release  on  heavy 
grades,  and  holds  the  brakes  partially  applied,  so  as  to  allow  more 
time  for  the  engineman  to  recharge  the  auxiliary  reservoir. 

54.  Q.  What  precautions  are  necessary  on  every  train  in  regard  to 
hose  couplings? 

A.  Every  train  must  carry  at  least  two  extra  hose  and  couplings 
complete,  for  use  in  replacing  any  hose  couplings  which  may  fail  or  become 
disabled.  These  extra  hose  and  couplings  to  be  carried  on  such  part  of 
the  train  as  is  required  by  the  rules  and  regulations. 

SPECIAL  FOR  ENGINEMEN. 

55-  Q-    How  should  the  air  pump  be  started? 

A.  It  should  be  started  slowly,  so  as  to  allow  the  condensation  to 
escape  from  the  steam  cylinder  and  prevent  pounding,  which  is  more 
likely  to  occur  when  the  air  pressure  is  low. 
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56.  Q.  Why  should  the  piston  rod  on  the  air  pump  be  kept  thoroughly 
packed? 

A.    To  prevent  the  waste  of  air  and  steam. 

57.  Q.  How  should  the  steam  cylinder  of  the  air  pump  be  oiled, 
and  what  kind  of  oil  should  be  used  ? 

A.  It  should  be  oiled  as  little  as  necessary  through  a  sight-feed 
lubricator,  and  cylinder  oil  should  be  used. 

58.  Q.  How  should  the  air  cylinder  of  the  air  pump  be  oiled; 
what  kind  of  oil  ? 

A.  It  should  be  supplied  with  valve  oil  as  often  as  necessary, 
through  a  cup  provided  for  that  purpose.  Also,  a  well  saturated  swab 
should  be  kept  on  the  piston  rod.  Lard  oil,  and  other  animal  or  vegetable 
oils  should  not  be  used,  as  their  use  causes  the  brake  valve  and  the  triple 
valves  to  gum  up.  The  oil  must  never  be  introduced  through  the  air 
inlet  ports,  as  this  practice  would  cause  the  pump  valves  to  gum  up. 

59.  Q.    What  regulates  the  train  pipe  pressure? 

A.    The  train  pipe  governor,  or  feed  valve,  provided  for  that  purpose. 

60.  Q.    Why  should  the  authorized  pressure  be  carried  in  train  pipe? 
A.    Because  this  pressure   produces  the  strongest  safe  pressure  of 

the  brake  shoes  upon  the  wheels.    A  higher  train  pipe  pressure  is  liable 
to  cause  the  wheels  to  slide. 

61.  Q.  What  does  the  feed  valve  attachment  on  the  brake  valve 
accomplish  ? 

A.  When  properly  adjusted  it  restricts  the  train  pipe  pressure  to 
the  authorized  amount,  with  the  brake  valve  handle  carried  in  running 
position. 

62.  Q.  How  often  should  the  brake  valve  be  thoroughly  cleaned  and 
oiled? 

A.    At  least  once  every  two  months. 

63.  Q.  If  the  main  valve  in  the  brake  valve  is  unseated  by  dirt  or 
by  wear,  what  may  be  the  result,  and  what  should  be  done? 

A.  It  may  be  impossible  to  get  the  excess  pressure;  when  the  brakes 
have  been  applied  they  may  keep  applying  harder  until  full  on,  or  when 
they  have  been  applied  they  may  release.  The  main  valve  should  be 
thoroughly  cleaned,  and  if  worn  it  should  be  faced  to  a  seat 

64.  Q.  If  the  piston  in  the  brake  valve  becomes  gummed  up  or 
corroded  from  neglect  to  clean  it,  what  will  be  the  result? 

A.  It  will  be  necessary  to  make  a  large  reduction  of  pressure  through 
the  preliminary  exhaust  port  before  the  brakes  will  apply  at  all,  and 
then  the  brakes  will  go  on  too  hard  and  will  have  to  be  released. 

65.  Q.  H(5w  and  why  should  the  train  pipe  under  the  tender  always 
be  blown  out  thoroughly  before  connecting  up  to  the  train  ? 

A.  By  opening  the  angle  cock  at  the  rear  end  of  the  tender  and 
allowing  the  air  from  the  main  reservoir  to  blow  through.     This  blows 
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out  the  oil,  water,  scale,  etc.,  which  may  accumulate  in  the  pipe,  and 
which  would  be  blown  back  into  the  train  pipe  and  triple  valves  if  not 
removed  before  coupling  to  the  train. 

66.  Q.  When  the  locomotive  is  coupled  to  the  train,  why  is  it 
necessary  to  have  excess  pressure  in  the  main  reservoir  ? 

A.  So  that  the  brakes  will  all  be  released  and  the  train  quickly 
charged  when  the  engineman's  valve  is  placed  in  the  release  position. 

67.  Q.  Why  should  the  driver  brakes  be  operated  aulomatically  with 
(he  train  brake?  . 

A.  Because  it  adds  greatly  to  the  braking  force  of  the  train,  and 
^he  brakes  can  be  applied  alike  to  all  the  wheels  for  ordinary  stops,  and 
in  an  emergency  the  greatest  possible  braking  force  is  at  once  obtained 
by  one  movement  of  the  handle. 

68.  Q.  In  making  a  service  application  of  the  brakes,  how  much 
reduction  of  the  train  pipe  pressure  from  seventy  pounds  does  it  require 
to  get  the  brakes  full  on? 

A.    About  twenty-five  pounds  reduction. 

69.  Q.    What  should  the  first  reduction  be  in  such  an  application? 

A.  Not  less  than  five  pounds,  so  as  to  insure  moving  the  pistons 
in  the  brake  cylinders  past  the  leakage  grooves. 

70.  Q.  What  is  the  result  of  making  a  greater  reduction  of  pressure 
than  twenty-five  pounds? 

A.  A  waste  of  air  in  the  train  pipe,  without  getting  any  more  braking 
force,  and  therefore  requiring  more  air  to  release  the  brakes. 

71.  Q.  How  many  applications  of  the  brakes  are  necessary  in  making 
a  stop? 

A.    One  or  two  applications. 

72.  Q.  Why  is  it  dangerous  to  apply  and  release  the  brakes  repeatedly 
in  making  stops? 

A.  Because  every  time  the  brakes  are  released  the  air  in  the  brake 
cylinders  is  thrown  away,  and  if  it  is  necessary  to  apply  them  again  before 
sufficient  time  has  elapsed  to  recharge  the  auxiliary  reservoirs  the  appli- 
cation of  the  brakes  will  be  weak,  and  after  a  few  such  applications  the 
brakes  are  almost  useless  on  account  of  the  air  having  been  exhausted 
from  the  auxiliary  reservoirs. 

73'  Q-  In  releasing  and  recharging  the  train,  how  long  should  the 
handle  of  the  brake  valve  be  left  in  the  release  position? 

A.  Until  the  train  pipe  pressure  has  risen  nearly  to  authorized 
pressure. 

74.  Q.  In  making  service  stops  with  passenger  trains,  why  should  you 
release  the  brakes  just  before  coming  to  a  full  stop? 

A.  So  as  to  prevent  stopping  with  a  lurch;  it  also  requires  less 
time  for  the  full  release  of  the  brakes  after  stopping. 
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75-  Q-  In  making  stops  with  freight  trains,  why  should  the  brakes 
not  be  released  until  after  the  train  has  come  to  a  full  stop? 

A.  Because  long  freight  trains  are  apt  to  be  parted  by  releasing  the 
brakes  before  rear  brakes  are  fully  released. 

76.  Q.  In  making  service  stops,  why  must  the  handle  of  the  brake 
valve  not  be  moved  past  the  position  for  service  applications  ? 

A.  So  as  to  prevent  unnecessary  jerks  to  the  train  and  the  emer- 
gency action  of  the  triple  valve  when  not  necessary. 

77.  Q.  If  you  find  the  train  dragging  from  the  failure  of  the  brakes 
to  release,  how  can  you  release  them? 

A.  By  placing  the  handle  of  the  brake  valve  in  full  release  position 
for  a  few  seconds  and  returning  it  to  the  running  position,  if  the  tiain 
pipe  pressure  is  not  up  to  the  authorized  amount ;  but  if  maximum  pressure 
i?  in  train  pipe,  the  brakes  should  be  applied  with  from  five  to  ten  pounds 
reduction,  according  to  the  length  of  train  pipe,  and  released  in  the  usual 
manner. 

78.  Q.  When  the  brakes  go  on  suddenly  when  not  operated  by  the 
brake  valve,  and  the  gauge  pointer  falls  back,  what  is  the  cause,  and 
what  should  you  do? 

A.  Either  a  hose  has  burst,  or  a  conductor's  valve  has  been  opened, 
or  the  train  has  parted.  In  any  event,  the  engine  throttle  should  be  closed 
and  the  handle  of  the  brake  .valve  should  immediately  be  placed  on  lap 
position  to  prevent  escape  of  air  from  main  reservoir. 

79.  Q.  Are  the  brakes  liable  to  stick  after  an  emergency  application, 
and  why? 

A.  The  brakes  are  harder  to  release  after  an  emergency  application 
because  they  are  on  with  full  force  and  it  requires  higher  pressure  than 
usual  in  the  train  pipe  to  release  them  again.  In  this  case  it  is  necessary 
always  to  have  in  reserve  the  excess  pressure  of  the  main  reservoir  to 
aid  in  releasing  the  brakes.  With  the  quick-action  triple  valve  this  is 
especially  necessary,  because  air  from  the  train  pipe  as  well  as  from  the 
auxiliary  reservoir  is  forced  into  the  brake  cylinder  when  a  quick  appli- 
cation of  the  brake  Is  made,  thus  increasing  the  pressure  in  the  brake 
cylinder  without  the  usual  reduction  of  pressure  in  the  auxiliary  reservoir, 
and  requiring  a  correspondingly  high  pressure  in  the  train  pipe  afterward 
to  cause  the  brakes  to  be  released.  ■» 

80.  Q.  In  using  the  brakes  to  steady  the  train  while  descending  grades, 
why  should  the  air  pump  throttle  be  kept  well  open? 

A.  So  that  the  pump  may  quickly  accumulate  a  full  pressure  in  the 
main  reservoir  for  use  in  recharging  the  train  pipe  and  auxiliary  reservoir 
when  the  brakes  have  been  released  again. 

81.  Q.  In  descending  a  g^^de,  how  can  you  best  keep  the  train  under 
control  ? 

A.    First,  by  commencing  the  application  of  the  brakes  early,  so  as 
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to  prevent  too  high  a  speed  being  reached ;  secondly,  by  making  an  initial 
reduction  that  will  lightly  apply  all  brakes  in  the  train,  and  by  slowing 
the  train  down  just  before  it  is  necessary  to  charge  the  auxiliary  reservoir, 
so  as  to  give  time  enough  to  refill  same  before  much  speed  is  again 
attained. 

82.  Q.  If  the  train  is  being  drawn  by  two  or  more  locomotives, 
upon  which  locomotives  should  the  brakes  be  controlled,  and  what  must 
the  engineman  of  the  other  locomotive  do? 

A.  The  brakes  must  be  controlled  by  the  leading  locomotive,  and 
the  eng^nemen  of  the  following  locomotives  must  close  the  cock  in  the 
train  pipe  just  below  the  brake  valves.  The  latter  must  always  keep 
the  pump  running  and  in  order,  and  main  reservoir  charged  with  pressure, 
with  the  brake  valve  in  the  running  position,  so  that  he  may  quickly  oper- 
ate the  brakes  if  called  upon  to  do  so. 

83.  Q.  If  the  air  signal  whistle  gives  only  a  weak  blast,  what  is  the 
probable  cause? 

A.  Either  the  reducing  valve  is  out  of  order  so  that  the  pressure 
is  considerably  less  than  forty  pounds,  or  the  whistle  itself  is  filled  with 
dirt  or  not  properly  adjusted,  or  the  port  under  the  end  of  signal  valve  is 
partly  closed  by  gum  or  dirt 

84.  Q.  If  the  reducing  valve  for  the  air  signal  is  allowed  to  become 
clogged  up  with  dirt,  what  will  the  result  probably  be? 

A.  The  signal  pipe  might  get  the  full  main  reservoir  pressure,  and 
the  whistle  will  blow  when  the  brakes  are  released. 

85.  Q.  If  you  discover  any  defect  in  the  air  brake  or  signal  apparatus 
while  on  the  road,  what  must  be  done? 

A.  If  it  is  something  that  can  not  be  readily  remedied  at  once,  it 
must  be  reported  to  the  Enginehouse  Foreman  as  soon  as  the  run  is 
completed. 

86.  Q.  What  is  the  result  if  water  be  allowed  to  collect  in  the  main 
reservoir  of  the  brake  apparatus? 

A.  The  room  taken  up  by  the  water  reduces  the  capacity  for  holding 
air,  and  the  brakes  are  more  liable  to  stick.  In  cold  weather  also  the 
water  may  freeze  and  prevent  the  brakes  from  working  properly. 


SPECIAL  FOR  ENGINE  REPAIRMEN. 

87.  Q.    How    often    must   the    air    brake    and    signal    apparatus    on 
locomotives  be  examined? 

A.    After  each  trip. 

88.  Q.    Under  what  pressure  must  it  be  examined  ? 
A.    Under  full  pressure. 
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fig.  Q.  Should  the  train  pipe  pressure  exceed  the  maximum,  where 
would  you  look  for  the  cause  of  the  trouble? 

A.  In  the  devices  controlling  train  pipe  pressure. 

90.  Q.  How  often  must  the  main  reservoir  and  the  drain  cup  under 
the  tender  be  drained  ? 

A.    After  each  trip. 

91.  Q.  How  often  must  the  triple  valves  and  the  cylinders  of  the 
driver  and  tender  brakes  be  cleaned  and  lubricated? 

A.  They  must  be  thoroughly  cleaned  and  lubricated  once  every 
six  months.  If  the  driver  brake  cylinders  are  so  located  that  they  become 
hot  from  the  boiler,  they  may  acquire  lubrication  more  frequently. 

92.  Q.  If  there  are  any  leaks  in  the  pipe  joints  or  anywhere  in  the 
apparatus,  what  must  you  do? 

A.    Repair  them  before  the  locomotive  goes  out 

93.  Q.  How  is  the  brake  shoe  slack  of  the  cam  driver  brake  taken 
up,  and  what  precautions  are  necessary? 

A.  By  means  of  the  cam  screws,  and  it  is  necessary  to  lengthen  both 
alike,  so  that  when  the  brake  is  applied  the  point  of  contact  with  the 
cams  will  be  in  a  line  with  the  piston  rod. 

94.  Q.  How  is  the  brake  shoe  slack  of  driver  brakes  on  a  locomotive 
with  more  than  two  pairs  of  driving  wheels  taken  up  ? 

A.    By  means  of  a  turnbuckle  or  screw  in  the  connecting  rods. 

95.  Q.    How  is  the  slack  of  the  tender  brake  shoes  taken  up? 

A.  By  means  of  the  dead  truck  levers;  if  they  will  not  take  it  up 
enough,  it  must  be  taken  up  in  the  underneath  connection,  and  then 
adjusted  by  the  dead  lever. 

96.  Q.  How  far  should  the  driver  brake  piston  travel  in  applying 
the  brakes? 

A.  Not  less  than  two  inches,  nor  more  than  three  and  one-half 
inches  with  tkt  cam  type  of  brake,  and  from  four  to  six  inches  with  other 
forms. 

97.  Q.  What  travel  of  piston  should  the  tender  brakes  be  adjusted 
for? 

A.  Not  less  than  two  inches,  nor  more  than  three  and  one-half 
inches  with  the  cam  type  of  brake,  and  from  four  to  six  inches  with  other 
eight  inches. 

SPECIAL  FOR  TRAINMEN. 

98.  Q.  How  should  you  proceed  to  test  the  air  brakes  before  starting 
out,  after  a  change  in  the  make-up  of  a  train,  or  before  descending  certain 
specially  designated  grades? 

A.  After  the  train  has  been  fully  charged  with  air,  the  engineman 
must  be  required  to  apply  the  brakes;    when  he  has  done  so  the  brakes 
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mu6t  be  examined  upon  each  car  to  see  that  the  air  is  applied  and  that 
the  piston  travel  is  not  less  than  six  nor  more  than  nine  inches.  The 
engineman  must  then  be  required  to  release  the  brakes;  after  he  has  done 
so,  each  brake  must  be  examined  again  to  see  that  all  are  released. 
The  engineman  and  conductor  must  then  be  notified  that  the  brakes  are 
all  right,  if  they  are  found  so.  (In  testing  passenger  brakes,  the  American 
Railway  Association  train  air  signal  whistle  code  for  applying  or  releasing 
must  be  used,  one  of  which  signals  must  be  given  from  the  discharge 
valve  on  the  rear  car.) 

90.  Q.    In  starting  out  a  passenger  train  from  an  inspection  point, 
how  many  cars  must  have  the  brakes  in  service? 
A.    Every  car  in  the  train. 

100.  Q.    When  might  you  cut  out  a  brake  upon  a  passenger  car? 

A.  Never,  unless  it  gets  out  of  order  while  on  the  run,  in  which 
case  it  m\tst  be  reported  to  the  inspector  at  the  end  of  the  run,  or  upon 
the  first  opportunity  which  may  give  sufficient  time  to  repair  it. 

loi.  Q.  If  a  hose  bursts  upon  the  run  what  must  be  done,  if  the 
train  is  in  a  safe  place? 

A.  The  hose  must  first  be  replaced  by  a  good  one,  and  the  engineman 
then  signaled  to  release  the  brakes.  The  train  must  not  proceed  until  the 
brakes  have  been  reconnected  and  tested  upon  the  train  to  see  that  all 
are  working  properly. 

102.  Q.  If  the  train  is  not  in  a  safe  place  when  the  hose  bursts,  what 
must  be  done? 

A.  The  train  pipe  cock  immediately  ahead  of  the  burst  hose  must  be 
closed  and  the  engineman  signaled  to  release  the  brakes.  The  brakes  at 
the  rear  of  the  burst  hose  must  then  be  released  by  bleeding  the  auxiliary 
reservoirs,  and  the  train  must  then  proceed  to  a  safe  place  to  replace  the 
hose  and  connect  up  the  brakes,  after  which  the  brakes  must  be  tested. 

103.  Q.    If  the  train  breaks  in  two,  what  must  be  done? 

A.  The  cock  in  the  train  pipe  at  the  rear  end  of  the  first  section  must 
be  closed  and  the  engineman  signaled  to  release  the  brakes.  The  two  parts 
of  the  train  must  then  be  coupled,  the  hose  connected  and  the  brakes  again 
released  by  the  engineman.  When  it  is  ascertained  that  the  brakes  are  all 
released,  the  train  may  proceed. 

104.  Q.  Explain  how  the  pressure- retaining  valves  are  thrown  into 
action  or  thrown  out  of  action,  and  when  this  must  be  done, 

A.  The  pressure-retaining  valve  is  thrown  into  action  by  turning  the 
handle  of  the  valve  to  a  horizontal  position,  and  it  is  thrown  out  of  action 
again  by  placing  this  handle  in  a  vertical  position  pointing  downward.  This 
handle  should  be  placed  in  a  horizontal  position  at  the  top  of  a  heavy  grade, 
and  it  should  always  be  returned  to  a  vertical  position  at  the  foot  of  the 
grade,  as  otherwise  the  brakes  will  drag  on  any  cars  which  still  have  the 
handle  of  the  pressure-retaining  valve  in  the  horizontal  position. 
M-28 
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105.  Q.  If  the  brake  of  any  car  is  found  to  be  defective  on  the  run, 
how  should  you  proceed  to  cut  it  out  ? 

A.  By  closing  the  cock  in  the  cross-over  pipe  of  the  quick-action 
brake,  or  in  the  triple  valve  of  the  plain  automatic  brake,  and  then  opening 
the  release  cock  in  the  auxiliary  reservoir  upon  that  car,  leaving  it  open, 
if  a  passenger  car,  or  holding  it  open  until  all  the  air  has  escaped  from  it, 
if  a  freight  car. 

i'o6.  Q.  When  it  is  necessary  to  cut  out  a  defective  brake  upon  a  car, 
why  should  it  always  be  cut  out  at  the  triple  valve  and  never  by  the  train- 
pipe  cock  at  the  end  of  the  car,  even  if  it  is  the  last  par  of  the  train? 

A.  The  train  pipe  should  always  be  open  from  the  locomotive  to 
the  rear  end  of  the  last  car,  so  that  if  the  train  breaks  in  two  the  brakes 
will  be  automatically  applied  before  the  parts  of  the  train  have  separated 
sufficiently  to  permit  damage  to  be  done  by  their  coming  together  again, 
and  so  that  the  brakes  may  be  applied  with  the  conductor's  valve  upon  any 
car. 

107.  Q.    Should  the  train  pipe  burst  under  any  car,  what  must  be  done? 
A.    The  train  must  proceed  to  the  nearest  switching  point,  using  the 

brakes  upon  the  cars  ahead  of  the  one  with  the  burst  pipe,  where  the  car 
with  the  burst  pipe  must  be  switched  to  the  rear  of  the  train;  the  hose 
must  then  be  coupled  up  to  the  rear  car  and  the  cock  at  the  rear  end  of  the 
next  to  the  last  car  opened,  and  the  cock  at  the  forward  end  of  the  last 
car  closed,  so  that  if  the  train  should  part  between  the  last  two  cars  the 
brakes  will  be  applied. 

108.  Q.    What  is  the  conductor's  valve,  and  what  is  its  use? 

A.  It  is  a  valve  at  the  end  of  a  pipe  leading  from  the  train-brake 
pipe  upon  each  passenger  car ;  it  is  to  be  opened  from  the  car  in  any  emer- 
gency when  it  is  necessary  to  stop  the  train  quickly,  and  only  then.  When 
used  it  should  be  held  open  until  the  train  is  stopped,  and  then  it  should  be 
closed. 

109.  Q.    What  is  the  air  signal  for,  and  how  is  it  operated? 

A.  It  is  to  signal  the  engineman,  in  place  of  the  old  gong  signal, 
and  it  is  operated  by  pulling  directly  downward  on  the  cord  for  one  second 
and  releasing  immediately,  allowing  three  full  seconds  to  elapse  between 
pulls. 

no.  Q.  If  the  discharge  valve  on  the  air-signal  system  is  out  of  order 
or  leaking  on  any  car,  how  can  you  cut  it  out? 

A.  By  closing  the  cock  in  the  branch  pipe  leading  from  the  train- 
signal  pipe  to  the  discharge  valve ;  to  do  so  the  handle  of  this  cock  should 
be  placed  lengthwise  with  the  pipe. 

III.  Q.  How  is  the  slack  taken  up  so  as  to  secure  the  proper  adjust- 
ment of  piston  travel  ? 

A.  By  means  of  the  dead-truck  lever,  and  if  that  is  not  sufficient,  one 
or  more  holes  must  be  taken  up  in  the  underneath^  connection  and  the 
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adjustment  then  made  by  the  dead-truck  lever.  Where  automatic  slack 
adjusters  are  applied  to  any  car,  such  adjuster  must  be  fully  released 
before  the  slack  is  taken  up  elsewhere. 

SPECIAL  FOR  INSPECTORS.  * 

112.  Q.  Do  you  understand  that  no  passenger  train  may  be  started 
out  with  any  of  the  brakes  cut  out  of  service? 

A.    I  do. 

113.  Q.  Why  is  it  important  that  no  leaks  should  exist  in  the  air 
brake  service? 

A.  Because  they  would  interfere  with  the  proper  working  of  thf 
brakes  and  might  cause  serious  damage. 

114.  Q.  What  must  be  done  with  the  air  brake  or  air-stgnal  couplings 
when  not  united  to  other  couplings,  on  cars  equipped  with  dunmiy 
couplings  ? 

A.  They  must  be  secured  in  the  dummy  coupling,  so  that  the  face  of 
the  dummy  coupling  will  cover  the  opening  of  the  hose  coupling  so  as  to 
prevent  dust  and  dirt  from  entering  the  hose. 

115.  Q.  If  the  air  issues  from  the  exhaust  port  of  the  quick-action 
triple  valve /Whcn  the  brakes  are  off,  what  is  the  cause? 

A.    It  is  probably  due  to  dirt  on  the  rubber  seated  emergency  valve. 

116.  Q,  How  often  must  the  cylinder  and  triple  valves  be  examined, 
cleaned  and  lubricated? 

A.  As  often  as  once  every  six  months  on  passenger  cars  and  once 
in  twelve  months  on  freight  cars.  The  dates  of  the  last  cleaning  and 
lubrication  must  be  marked  with  white  paint  on  the  cylinders. 

117.  Q.  What  is  the  difference  between  the  quick-action  passenger 
and  freight  triple  valve? 

A.    The  passenger  triple  valves  have  larger  ports  and  slide  valves. 

118.  Q.    How  may  a  passenger  triple  valve  be  distinguished? 

A.  By  having  one  exhaust  outlet,  or  suitable  lettering  designating 
the  class  of  service. 

1 19.  Q.    How  may  a  freight  triple  valve  be  distinguished  ? 
A.    By  its  two  exhaust  outlets,  one  being  plugged. 

120.  Q.  When  should  the  graduating  spring  of  the  triple  valve  be 
replaced  with  a  new  one? 

A.    When  it  is  worn  or  rusted  out,  or  not  of  standard  size. 

121.  Q.    To  what  travel  of  piston  must  the  brakes  be  adjusted? 

A.  Not  less  than  six  inches,  and  this  adjustment  must  be  made 
whenever  the  piston  travel  is  found  to  exceed  nine  inches. 

122.  Q.    How  is  the  slack  taken  up  so  as  to  secure  this  adjustment? 

A.  By  means  of  the  dead-truck  lever,  and  if  that  is  not  sufficient,  one 
or    more  holes  must  be  taken  up  in  the  underneath  connection  and  the 
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adjustment  then  made  by  the  dead-truck  lever.  Where  automatic  slack 
adjusters  arc  applied  to  any  car,  such  adjuster  must  be  fully  released 
before  the  slack  is  taken  up  elsewhere. 

123.  Q.  What  are  the  different  holes  in  the  outer  end  of  the  cylinder 
levers  for,  and  why  must  the  connections  be  pinned  to  the  proper  hole  for 
each  car? 

A.  These  holes  are  to  enable  the  adjustment  of  the  brake  pressure  to 
be  made  according  to  the  weights  of  the  different  cars.  The  connection 
must  be  made  to  the  proper  hole  in  each  case,  according  to  the  weight  of 
the  car,  so  as  to  give  proper  braking  power,  otherwise  the  brake  will  be 
inefficient,  or  the  wheels  may  be  slid  under  the  cars. 

124.  Q.  How  many  sizes  of  high  speed  brake-reducing  valves  are 
there  in  use,  and  how  will  it  be  known  to  which  size  of  cylinders  they 
should  be  connected? 

A.  There  are  three  sizes,  namely,  one  for  8-inch,  one  for  lo-inch  and 
12-inch,  and  a  third  for  14-inch  and  16-inch  cylinders,  and  they  can  be 
distinguished  by  the  raised  figures  cast  on  their  body. 

125.  Q.  To  what  pressure  must  the  high  speed  brake-reducing  valve 
be  adjusted  on  passenger  equipment  cars? 

A.    The  authorized  pressure. 

BASIC   PRINCIPLES   RELATING  TO  THE   HANDLING   OF   APPRENTICES. 

At  the  convention  of  1898  a  code  of  apprenticeship  rules  was  adopted 
as  the  Recommendation  of  the  Association.  In  1908  a  scries  of  basic  prin- 
ciples relating  to  the  handling  of  apprentices  was  adopted  in  lieu  of  the 
former  code. 

1.  To  develop  from  the  ranks  in  the  shortest  possible  time  carefully 
selected  young  men  for  the  purpose  of  supplying  leading  workmen  for 
future  needs,  with  the  expectation  that  those  capable  of  advancement  will 
reveal  their  ability  and  take  the  places  in  the  organization  for  which  they 
are  qualified. 

2.  A  competent  person  must  be  given  the  responsibility  of  tlie  appren- 
ticeship scheme.  He  must  be  given  adequate  authority,  and  he  must  have 
sufficient  attention  from  the  head  of  the  department.  He  should  conduct 
thorough  shop  training  of  the  apprentices,  and  in  close  connection  there- 
with should  develop  a  scheme  of  mental  training,  having  necessary  assist- 
ance in  both.  The  mental  training  should  be  compulsory,  and  conducted 
during  working  hours  at  the  expense  of  the  company. 

3.  Apprentices  should  be  accepted  after  careful  examination  by  the 
apprentice  instructor. 

4.  There  should  be  a  probationery  period  before  apprentices  are 
finally  accepted ;  this  period  to  apply  to  the  apprentice  term  if  the  candidate 
is  accepted.    The  scheme  should  provide  for  those  candidates  for  appren- 
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ticeship  who  may  be  better  prepared  as  to  education  and  experience  than  is 
expected  of  the  usual  candidate. 

5.  Suitable  records  should  be  kept  of  the  work  and  standing  of 
apprentices. 

6.  Certificates  or  diplomas  should  be  awarded  to  those  successfully 
completing  the  apprentice  course.  The  entire  scheme  should  be  planned 
and  administered  to  give  these  diplomas  the  highest  possible  value. 

7.  Rewards  in  the  form  of  additional  education,  both  manual  and 
mental,  should  be  given  apprentices  of  the  highest  standing. 

8.  It  is  of  the  greatest  importance  that  those  in  charge  of  apprentices 
should  be  most  carefully  selected.  They  have  the  responsibility  of  prepar- 
ing the  men  on  whom  the  roads  are  to  rely  in  the  future.  They  must  be 
men  possessing  the  necessary  ability,  coupled  with  appreciation  of  their 
responsibility. 

9.  Interest  in  the  scheme  must  begin  at  the  top,  and  it  must  be  enthu- 
siastically supported  by  the  management. 

10.  Apprenticeship  should  be  considered  as  a  recruiting  system,  and 
greatest  care  should  be  taken  to  retain  graduated  apprentices  in  the  service 
of  the  company. 
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RESOLUTIONS. 

Revtsed  and  modified  at  convention,  1903. 

At  the  convention  of  1886  the  following  resolutions  prevailed: 

Resolved,  That  this  Assodation  deprecates  the  giving  of  testimonials 
or  recommendatory  letters  for  publication,  and  enjoins  all  to  restrict  mat- 
ters of  this  nature  to  letters  of  inquiry.    (See  page  26,  report  1886.) 

Resolved,  That  it  is  the  sense  of  this  convention  that  in  practice  it  is 
unnecessary  to  bead  flues  in  the  front  end.     (See  page  152,  report  1886.) 

At  the  convention  of  1888  the  following  resolution  prevailed: 

Resolved,  That  it  is  the  sense  of  the  Master  Mechanics*  Association 
that  the  pilots  of  all  engines  should  have  steps  placed  on  the  front  end  for 
the  safety  and  convenience  of  brakemen  while  coupling  at  the  front  ends. 
(See  page  162,  report  1888.) 

At  the  convention  of  1893  the  following  resolution  prevailed: 

Resolved,  That  while  the  Master  Mechanics'  Association  regards  the 
water  glass  as  a  convenience  and  an  additional  precaution  against  low 
water,  we  do  not  regard  it  as  an  absolute  necessity  to  the  safe  running  of 
locomotives.    (Sec  page  161,  report  1893.) 

At  the  convention  of  1896  the  following  resolutions  prevailed : 

Resolved,  That  it  is  the  sense  of  this  meeting  that  the  radial  stay  boiler 
is  as  safe  as  the  crown  bar  boiler,  and  that  the  former  is  easier  to  keep 
clean  and  more  economical  in  repairs.  (See  page  280,  report  1896.) 

Resolved,  That  it  is  the  sense  of  this  Association  that  the  statement  of 
the  performance  of  locomotives  should  be  made  on  the  basis  of  train  load, 
in  lieu  of  train  miles  or  loaded  car  miles,  as  is  the  prevailing  practice  at 
present.     (See  page  ZZZ*  report  1896.) 

At  the  convention  of  1899  the  following  resolutions  prevailed : 

Resolved,  That  it  is  the  sense  of  this  convention  that  the  time  has  not 
arrived  when  we  can  abandon  instructions  to  those  who  use  the  air  brakes, 
but  that  the  time  has  arrived  when  we  should  perhaps  take  more  care  to 
instruct  those  who  repair  the  brakes  and  keep  them  in  order.  (See  page 
71,  report  1899.) 

Resolved,  That  it  is  the  sense  of  the  American  Railway  Master 
Mechanics'  Association  that  the  use  of  fusible  plugs  in  the  crown  sheets 
of  locomotive  fire  boxes  is  not  conducive  to  the  prevention  of  the  over- 
heating of  the  crown  sheet.    (Sec  page  153,  1899  report) 
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Resolved,  That  it  is  the  sense  of  this  Association  that  the  ton-mile 
basis  for  motive  power  statistics  is  the  most  practical,  and  encourages 
economical  methods  of  operating;  and  that  it  is  desirable  that  the  heads 
of  motive  power  departments  urge  its  adoption  on  their  managements. 
(See  page  173,  report  1899.) 

Resolved,  That  it  is  the  sense  of  this  Association  that  it  is  not  advis* 
able  to  use  bars  in  exhaust  nozzles.    (See  page  277,  report  1899.) 

At  the  convention  of  1901  the  following  resolutions  prevailed : 

Resolved,  That  it  is  the  sense  of  this  Association  that  a  strict  compari- 
son of  motive  power  statistics,  one  road  with  another,  will  not  secure  the 
best  results,  but  that  such  comparisons  should  be  made  with  the  records  of 
the  same  division  for  preceding  periods  of  time.  (See  page  79,  report  1901.) 
(See  modification,  page  70,  1902  report.) 

Resolved,  That  it  is  the  sense  of  this  Association  that  the  ton-mileage 
of  the  locomotive  is  a  just  credit  to  the  motive  power  department  for 
statistical  purposes.  (See  page  83,  report  1901.)  (See  modification,  page 
77,  1902  report.) 

Resolved,  That  it  is  the  sense  of  this  Association  that  it  is  necessary 
that  the  side  rods  should  be  on  engines  traveling  from  the  works  to  the  rail- 
road they  are  built  for.    (See  page  99,  report  1901.) 

At  the  convention  of  1902  the  following  resolutions  prevailed : 

"Resolved,  That  it  is  the  sense  of  this  Association  that  conclusions 
based  on  a  comparison  of  the  statistics  of  one  railroad  with  another  may 
easily  prove  incorrect,  should  be  given  less  weight  than  they  usually  are, 
are  just  only  when  the  accompanying  conditions  are  fairly  well  known 
and  their  influence  can  be  determined  with  some  degree  of  accuracy;  that 
a  comparison  of  the  statistics  of  a  division  or  a  system  with  those  of  the 
same  territory  for  a  previous  corresponding  period  very  largely  eliminates 
these  uncertainties  and  makes  conclusions  based  on  such  a  comparison 
much  more  reliable." 

"Resolved,  That  it  is  the  sense  of  this  Association  that  the  ton-mile- 
age of  the  locomotive  and  caboose  is  a  just  credit  to  the  motive  power 
department  for  statistical  purposes." 

"Resolved,  That  the  ton-mile  is  the  best  practical  basis  now  avail- 
able for  motive  power  and  operating  statistics  by  which  to  judge  the  effi- 
dcncy  of  locomotive  and  train  service. 

"Resolved,  That  actual  tonnage  should  be  used  in  computing  ton- 
mile  statistics  for  comparison  with  those  of  other  roads,  but  for  compari- 
son with  the  previous  records  of  the  same  system  or  division  the  use  of 
adjusted  tonnage  is  advisable. 

"Resolved,  That  the  statistics  of  passenger,  freight,  work  train  and 
switching  services  should  be  on  the  ton-mile  ^asis,  each  service  in  a  sepa- 
rate group,  and  passenger  and  freight  service  to  be  each  further  grouped 
under  Through  and  Local. 


Digitized  by  VjOOQIC 


440 

"Resolved,  That  the  statistics  of  branch  lines  an3  main  lines  should 
be  kept  separately. 

"Resolved,  That  the  credit  of  ton-mileage  for  locomotives  in  switch- 
ing service  should  be  proportional  to  their  tractive  power. 

"Resolved,  That  the  ton-mileage  of  trains  using  more  than  one  loco- 
motive should  be  divided  among  the  locomotives  attached  to  these  trains 
in  proportion  to  their  tractive  power  and  for  the  distance  over  which  the 
helping  locomotives  are  used. 

"Resolved,  That  the  tonnage  of  the  locomotive  should  be  its  weight 
in  working  order,  plus  the  light  weight  of  the  tender  and  half  its  capacity 
of  Coal  and  water." 

At  the  convention  of  1906  the  following  motion  was  adopted : 

That  twenty-four  hours  be  adopted  as  the  limit  distinguishing  between 
engines  in  service  and  those  under  repairs,  and  that  $100  be  adopted  as  the 
limit  distinguishing  between  running  and  shop  repairs. 
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MATTHIAS  NACE  FORNEY. 

Matthias  Nace  Forney,  the  designer  of  the  most  successful  suburban 
locomotive  ever  introduced  and  a  celebrated  mechanical  engineer  and 
accomplished  engineering  writer,  was  bom  in  Hanover,  Pennsylvania,  in 
183s,  of  German  stock  and  died  at  New  York  on  January  14,  1908. 

His  father  died  when  Matthias  was  twelve  years  old,  leading  the 
mother  with  three  sons  and  three  daughters.  Hanover  having  had  at 
that  time  very  indifferent  school  facilities,  Matthias  was  sent  to  school  in 
Baltimore,  which  had  something  of  a  high  school  character.  He  early 
displayed  a  strong  tendency  toward  mechanism  and  science,  one  of  his 
earliest  ambitions  having  been  to  make  a  steam  engine.  With  such  tastes' 
it  was  not  surprising  to  find  that  he  entered  the  shops  of  the  great 
pioneer  locomotive  builder,  Ross  Winans,  as  an  apprentice  in  1852.  He 
spent  three  years  working  in  the  shops  and  one  year  in  the  drawing  office. 
At  the  end  of  his  apprenticeship  he  obtained  a  position  as  draughtsman  in 
the  shops  of  the  Baltimore  &  Ohio,  then  in  charge  of  Henry  Tyson.  He 
remained  in  that  position  three  years. 

Thinking  that  prospects  of  success  in  life  were  very  meager  on 
railroads,  Mr.  Forney  left  railroad  work  and  entered  mercantile  business 
in  Baltimore.  But  the  attractions  of  machinery  were  upon  him  and  three 
years  of  business  found  him  ready  to  return  to  his  first  love.  The 
resulting  change  was  to  enter  the  employ  of  the  Illinois  Central  as 
draughtsman  under  Samuel  J.  Hayes,  superintendent  of  machinery. 

In  the  course  of  an  autobiography  presented  to  the  New  York  Rail- 
road Club  in  1902  Mr.  Forney  said  concerning  the  Chicago  period  of  his 
career : 

"  During  my  employment  on  the  Illinois  Central  Railroad  their  shops 
were  located  in  Chicago  near  where  the  present  passenger  station  now 
stands.  To  show  how  slight  events  sometimes  lead  to  more  important 
ones,  it  will  be  explained  that  my  boarding  place  was  then  in  Wabash 
avenue,  near  Washington  street,  a  locality  now  covered  with  sky-scrapers, 
and  my  daily  walk  was  on  Michigan  avenue  to  and  from  the  shops.  The 
track  of  the  Illinois  Central  Road  then  extended  on  piling  over  the  lake, 
and  from  the  shops  to  the  station,  which  was  then  about  a  mile  farther 
north.  There  were  at  that  time  on  the  road  some  four-wheeled  switching 
engines  which  weighed  about  20  tons  and  had  four-wheeled  tenders. 
M-29 
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These  engines  would  pull  as  heavy  a  train  as  the  heavier  eight-wheeled 
"American"  engines  with  four  coupled  wheels  and  weighing  jo  tons. 
In  my  daily  walks  in  pursuit  of  Chicago  nutriment,  I  saw  these  switching 
engines  backing  up  to  the  shops  on  the  track  which  was  in  plain  view. 
The  question  consequently  occurred  to  me,  *  If  the  little  engines  will  pull 
as  much  as  the  big  ones,  why  are  the  little  ones  not  used  in  general  road 
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service?'  As  the  road  in  this  location  was  in  plain  view  from  Michigan 
avenue,  and  the  engines  and  tenders  showed  distinctly  in  side  elevation 
while  running  to  and  fro,  it  was  apparent  that  having  a  short  wheel  base 
they  were  very  unsteady.  The  idea  then  occurred  to  me  why  not  connect 
the  engine  and  tender  by  a  rigid  frame  and  put  a  truck  under  the  tender? 
This  would  give  a  long  wheel  base  with  steadiness,  and  retain  the  whole 
weight  of  the  boiler  and  engines  on  the  driving  wheels  for  adhesions. 
This  was  the  origin  of  what  has  since  been  known  as  the  *  Forney  *  engine, 
of  which  the  annexed  figure  is  a  representation." 

After  some  persistent  efforts  Mr.  Forney  and  his  friends  succeeded  in 
getting  Forney  locomotives  placed  upon  the  elevated  railroads  in  New 
York  and  they  operated  so  successfully  in  that  service  that  they  became 
the  motive  power  for  all  the  elevated  and  many  surface  suburban  rail- 
roads. They  held  constant  favor  for  that  work  until  they  were  displaced 
by  electric  motors. 

.  After  serving  the  Illinois  Central  for  three  years  Mr.  Forney  went 
to  be  draughtsman  with  the  Detroit  Iron  &  Bridge  Works,  but  remained . 
there  only  a  short  time,  having  been  engaged  by  the  president  of  the 
Illinois  Central  Railroad  to  superintend  the  building  of  some  locomotives 
under  construction  at  the  Hinkley  &  Williams  Works  in  Boston.  This  was 
in  the  spring  of  1865  and  occupied  Mr.  Forney  about  six  months.  On  the 
completion  of  the  engines  Mr.  Forney  remained  with  Hinkley  &  Williams 
about  three  years  as  mechanical  engineer  and  agent. 

When  the  inspiration  is  given  a  person  to  express  thought  and  ideas 
in  writing  the  tendency  to  do  so  will  not  long  remain  suppressed.  The 
journalistic  faculty  permeated  Mr.  Forney's  mind  and  for  a  time  he 
obtained  vent  for  his  thoughts  through  various  railroad  and  engineering 
publications,  particularly  the  Railroad  Gazette.  This  led  him  in  1870  into 
negotiations  with  the  Gazette  for  a  position  on  the  staff  and  he  was 
appointed  associate  editor,  the  paper  being  then  published  in  Chicago. 
.  The  great  fire  occurred  there  the  following  year  and  the  headquarters  of 
the  Railroad  Gasette  were  moved  to  New  York,  Mr.  Forney  having 
bought  a  half  interest  in  the  property.  His  work  very  quickly  brought 
the  Railroad  Gazette  to  be  recognized  as  the  best  authority  in.  the  world  on 
railroad  mechanical  erfgineering.  He  began  writing  what  is  known  as 
The  Catechism  of  the  Locomotive  in  1873  and  it  was  published  in  his 
paper  in  serial  form  and  afterward  put  out  in  book  form.  It  was  rewritten 
ten  years  later,  and  the  author  was  engaged  rewriting  it  at  the  time  of 
his  death. 

Besides  his  well-known  locomotive,  Mr.  Forney  was  the  inventor  of 
many  devices,  mostly  for  railroad  purposes.  In  the  autobiography  already 
referred  to  he  says: 

"  Invention  has  always  had  a  great  fascination  for  me  as  it  has  many 
others.  It  is  akin  to  the  passion  which  the  fatuity  of  gambling  has  to  a 
gamester,  and  once  having  developed  the  taste  for  invention,  its  allure- 
ments have  led  me  on,  as  will  be  shown  by  the  following  list  of  patents 
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which  have  been  granted  me."    Then  follows  a  list  of  thirty-three  patents, 
most  of  them  for  improvements  on  the  locomotive. 

Matthias  N.  Forney  was  a  fertile  inventor  and  an  accomplished 
designer  of  railroad  appliances,  but  his  fame  well  rests  upon  his  work  as 
an  engineering  journalist  and  author.  Besides  possessing  the  faculty  of 
clear,  lucid  diction  that  was  always  comprehensible,  Mr.  Forney's  writings 
always  possessed  a  streak  of  humor  that  enhanced  their  chamL  When 
Angus  Sinclair  was  writing  his  book  on  the  Development  of  the  Locomo- 
tive Engine,  he  wrote  asking  Mr.  Forney  to  send  his  portrait.  In  replying 
Mr.  Forney  wrote :  "  I  have  been  waiting  for  several  years  past  to  get 
sufficiently  good  looking  so  as  to  have  a  better  picture  made.  Since  my 
long  illness  of  last  summer  my  friends  tell  me  I  am  looking  better,  but, 
alas,  none  of  them  say  I  am  better  looking."  When  he  sent  a  picture  a 
few  weeks  later,  he  wrote :  "  The  photographer  struggled  hard  to  make  a 
handsome  picture,  but,  as  you  will  see,  he  did  not  succeed.  The  worst 
of  it  is  that  the  picture  looks  like  me." 

As  editor  of  the  Railroad  Gazette  Mr.  Forney  never  failed  to  tdl 
the  truth  about  the  engineering  heresies  and  humbugs  that  were  coming 
to  public  notice  periodically.  The  narrow  gauge  fallacy,  the  Fontaine 
locomotive  idiocy  and  many  other  freaks  had  their  day  of  popularity 
shortened  by  Mr.  Forney's  incisive  analysis  and  scathing  ridicule. 

In  1883  Mr.  Forney  left  the  editorial  chair  of  the  Railroad  Gazette, 
realizing  that  he  was  overworking  himself.  A  few  months  before  taking 
this  step  he  asked  Angus  Sinclair  to  become  his  assistant,  but  that  gentle- 
man was  working  on  another  paper  under  a  time  engagement.  Mr. 
Forney  frequently  said  that  if  he  had  secured  Mr.  Sinclair  as  an  assistant 
he  would  have  remained  with  the  Gazette. 

Through  his  influence  the  Master  Car  Builders  was  reorganized  and 
Mr.  Forney  became  secretary,  holding  the  position  for  several  years. 
Three  years  after  quitting  the  editorial  chair,  the  allurements  of  journalism 
overpowered  his  senses  and  he  bought  the  American  Railroad  Journal 
and  Van  Nostrand  Engineering  Magazine,  consolidating  them  under  the 
name  of  the  American  Engineering  and  Railroad  Journal.  That  enter- 
prise did  not  prove  successful  and  he  subsequently  sold  the  property  to 
Mr.  R.  M.  Van  Arsdale,  who  incorporated  the  paper  with  the  National 
Car  and  Locomotive  Builder. 

Mr.  Forney  made  some  flights  into  the  realms  of  politics,  and  pub- 
lished several  books  and  pamphlets  of  a  political  character.  But  his  great 
work  is  the  Catechism  of  the  Locomotive.  That  has  been  an  instruction 
book  for  several  generations  of  railroad  men  and  will  hold  a  high  edu- 
cational position  as  long  as  steam  locomotives  remain  in  use. 

Angus  Sinclaik. 
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EDWARD  RYAN. 

Edward  Ryan  was  born  at  Charlestown,  Massachusetts,  May  i8,  1844, 
and  died  at  Boston,  April  6,  1908. 

His  early  life  was  spent  in  Taunton,  Massachusetts,  where  he  obtained 
his  education  in  the  public  schools.  At  the  age  of  sixteen  he  entered 
service  as  an  apprentice  boilermaker  and  in  that  capacity  worked  on  the 
"  Nahant,"  which  was  built  at  the  Atlantic  Works  in  1863  and  was  the 
first  monitor  built  in  East  Boston.  From  the  Atlantic  Works  he  went 
to  the  James  Tetlow  Boiler  and  Iron  Ship  Building  Works,  completing 
his  apprenticeship  there.  From  1865  to  1867  he  worked  at  the  Charleston 
Navy  Yard,  working  on  the  "  Niagara,"  "  Connecticut,"  "  Santiago  de 
Cuba"  "  Monadnock,"  and  other  noted  boats  of  that  day.  From  1865  to 
1871  he  was  employed  by  the  Roach  Shipbuilding  Works,  Burnside 
Locomotive  Works  and  other  shops  and  railroads;  from  1871  to  1874 
as  foreman  of  the  Boston  and  Albany  railroad  shops ;  from  1874  to  1876 
he  was  employed  with  the  Central  Pacific  Ry. ;  1878  to  1879  foreman  Chi- 
cago &  Paducah  Ry.;  1879  to  1880  Houston  &  Texas  Central  R.  R.  In 
'  1880  he  went  with  the  G.  H.  &  S.  A.  Ry.,  was  made  foreman  in  1881, 
general  foreman  in  1883  and  master  mechanic  in  1895,  which  position  he 
held  at  the  time  of  his  death.  He  became  a  member  of  this  Association 
in  1893. 

Mr.  Ryan  was  an  able  man  in  his  profession,  of  sterling  character, 
upright  and  conscientious  in  all  his  dealings,  and  his  demise  is  greatly 
r^jretted  by  his  associates,  subordinates,  and  all  with  whom  he  came  in 
contact. 

G.  W.  Butcher. 


ORLANDO  STEWART. 


Mr.  Orlando  Stewart  died  in  Boston  April  27,  1908,  at  the  age  of 
seventy-five  years.  Practically  his  entire  life  from  the  age  of  fifteen  up  to 
within  one  year  of  his  death  was  spent  in  railroad  service,  making  nearly 
sixty  years  of  continuous  service.  He  was  born  at  St.  Albans,  Maine, 
October  23,  1833,  arid  at  the  age  of  fourteen  served  as  an  apprentice  in 
the  shops  of  the  Boston  and  Maine  R.  R.  He  remained  in  this  capacity 
until  1850  at  which  time  he  accepted  a  position  as  gang  boss  with  the  Erie 
Railroad  Co. 

In  1853  he  accepted  position  of  shop  foreman  with  the  Bellefontaine 
&  Indiana  Ry.    This  line  is  now  a  part  of  the  C.  C.  C.  &  St.  L.  Ry. 
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In  1856  he  commenced  as  engineer  on  the  Boston  &  Lowell  R.  R.  (now 
a  part  of  the  B.  &  M.  R.  R.),  and  remained  with  them  until  1863,  at  which 
time  he  was  appointed  general  foreman  of  the  U.  S.  Government  shops 
at  Chattanooga,  Tennessee,  remaining  in  that  capacity  two  years.  He 
again  resumed  work  as  an  engineer  on  the  Boston  &  Lowell  R.  R.  in  1866, 
remaining  with  them  until  1878,  at  which  time  he  was  appointed  foreman 
of  the  erecting  shops  of  the  Hiokley  Locomotive  Works  at  Boston.  He 
remained  with  them  three  years,  and  in  1881  accepted  a  like  position  with 
the  Rhode  Island  Locomotive  Works  at  Providence,  Rhode  Island.  He 
held  this  position  for  one  year  only,  when  he  concluded  to  again  engage 
in  active  railroad  work,  and  he  was  appointed  assistant  master  mechanic 
of  the  New  York,  Providence  &  Boston  R.  R.  (now  a  part  of  the  N.  Y. 
N.  H.  &  H.  R.  R.).  This  position  he  resigned  in  1884  to  accept  the  impor- 
tant position  of  superintendent  of  motive  power  of  the  Fitchburg  R.  R. 
(Now  a  part  of  the  B.  &  M.  R.  R.). 

He  was  with  the  above  road  for  a  long  time,  and  in  1894  he  accepted 
the  position  of  Superintendent  of  Motive  Power  and  Equipment  of  the 
Bangor  &  Aroostook  R.  R.,  with  headquarters  at  Hartwell,  Maine.  He  was 
located  at  Hartwell  for  ten  years  and  then  transferred  to  Milo  Junction, 
Maine,  where  the  new  shops  of  the  B.  &  A.  R.  R.  are  located.  He  held  this 
position  up  to  October  i,  1907,  at  which  time  he  resigned  on  account  of 
ill  health.  Mr.  Stewart  had  been  in  poor  health  for  a  year  prior  to  resigrn- 
ing  from  the  service.  Upon  his  retirement  from  railroad  service  he 
moved  to  Boston,  Massachusetts,  but  his  health  did  not  improve,  and  the 
end  came  April  27,  1908. 

Mr.  Stewart  was  a  high  Mason,  and  also  an  Odd  Fellow.  He  was  an 
earnest  and  loyal  citizen,  highly  respected  by  the  officials  and  the  employes. 

He  had  been  an  active  member  of  the  Master  Mechanics'  Association 
since  its  organization,  and  was  well  and  favorably  known  by  all  its 
members. 

He  leaves  a  widow,  and  one  daughter  (married),  who  reside  in 
Boston. 

Hugh   Montgomery. 


O.  H.  JACKSON. 

O.  H.  Jackson  was  born  at  Shelby,  Ohio,  in  the  year  1845;  after 
receiving  a  common  school  education,  in  1861,  he  entered  the  service  in 
what  was  known  at  that  time  as  the  Mad  River  shops  as  an  apprentice, 
working  in  that  capacity  for  several  years,  after  which  he  identified  him- 
self with  Kasson  &  Co.  as  a  messenger,  distributing  new  engines  through 
the  South.  Subsequently,  after  serving  as  machinist  at  several  points,  he 
was  employed  in  running  locomotives  on  several  different  roads  until  1876. 
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In  1883  he  was  employed  as  foreman  in  what  was  known  as  the  N.  Y. 
P.  &  O.  R.  R.  shops  at  that  time  located  at  Gallon,  Ohio,  leaving  there  in 
1885  to  resume  running  on  the  road.  In  1890  he  was  employed  as  Master 
Mechanic  on  what  was  known  at  that  time  as  the  I.  B.  &  W.  R.  R.,  now 
the  P.  &  E.  division  of  the  Big  Four;  subsequently  transferred  to  the 
Brightwood  shops  until  1893,  he  was  afterward  employed  as  General 
Master  Mechanic  of  the  Santa  Fe,  Prescott  &  Phoenix  R.  R.  at  Prescott, 
Arizona,  remaining  in  that  capacity  for  a  period  of  six  years,  at  which 
time  he  took  charge  of  the  mechanical  department  of  the  Indianapolis 
Unfon  Ry.,  in  which  capacity  he  was  serving  at  the  time  of  his  death  on 
August  19,  1906.  Mr.  Jackson  became  a  member  of  this  Association  in 
1888. 

Wm.  Garstang. 
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INDEX. 


Active  members,  15-31 ;   Associate  members,  31.  *  ^ 

Address  of  president,  36-40. 
Address  of  welcome.  Mayor  F.  P.  Stoy,  33-34. 
Air  brake  and  train  air  signal  instructions,  413-436. 
Air  brake  instructions  and  repairs  of  brake,  438. 
Alloy  steel,  topical  discussion,  137-150. 
Apprentices,  basic  principles  on  which  to  handle;  436-437. 
Apprenticeship  system,  report  of  committee,  175-183;  discussion,  i83-20u^ 
Ash  pans,  type  to  be  used  on  locomotives,  proposed  as  subject  for  discus- 
sion, 283-284. 
Associate  member.  Prof.  E.  G.  Schmidt  proposed,  58-59. 
Auditing  Committee,  election  of,  57;   report  of,  338.  * 
Auditing  Committee,  report  of,  338. 

Axles,  driving  and  engine  truck,  specifications  for,  ZT^ZTJ- 
Axles  for  locomotive  tenders,  standard,  406-407. 
Axles,  specifications  for,  iron,  407-409 ;  steel,  409-412. 

B 

Ball  joint  unions,  use  of,  for  air  and  steam  line  connections,  293-295. 

Ballot,  letter,  circular  relating  to,  345-357 ;   result  of,  360. 

Bars  in  exhaust  nozzles  not  advisable,  439. 

Beading  of  flues,  in  front  end  unnecessary,  438. 

Bentley,  H.  T.,  topical  discussion,  the  smoke  nuisance,  108-110. 

Billets  and  blooms,  specifications  for,  378-379. 

Blanks  for  reporting  work  on  engines  undergoing  repairs,  93-102. 

Blooms  and  billets,  steel,  specifications  for,  378-379. 

Boiler  tubes,  specifications  for,  iron,  373-374  ;  steel,  374-376. 

Bolt  heads,  standard,  361-364. 

Briquetted  coal,  report  on,  249-252. . 


Capacity  and  size  of  safety  valves,  262-266. 
Castings,  locomotive,  specifications  for,  380-381. 
Castle  nuts,  report  of  committee  on,  167-171. 
Circular  relating  to  letter  ballot,  345-357. 
Coal,  briquetted,  for  locomotive  service,  249-252. 
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Combustion,  improved,  paper  on,  1 10-132. 
Committee  report  on: 

Apprenticeship  system,  175-183. 

Auditing,  338. 

Blanks  for  reporting  work  on  engines  being  repaired,  93-102. 

Castle  nuts,  167-171. 

Four-cylinder  compound  locomotives,  295-318. 

Mallet  compounds,  231-243. 

Mechanical  stokers,  59-74. 

Resolutions,  339. 

Revision  of  standards,  270-279. 

Size  and  capacity  of  safety  valves,  262-266. 

Subjects,  281-283. 

Superheating,  205-213. 

Washing  out  and  refilling  boilers,  151- 154. 

Widening  gguge  of  track  on  curves,  106. 
Comparison  of  motive  power  statistics,  439. 
Compound  locomotives,  4-cylinder  type,  report  on,  295-318. 
Compounds,  mallet  type,  231-243. 
Crosby  mechanical  stoker,  62-66. 


Decimal  gauge,  standard,  404-405. 
Deems,  J.  R,  reply  to  Mayor  Stoy,  34-35. 
Discussion  of  reports  on : 

Apprenticeship  system,  183-204. 

Blanks  for  reporting  work  on  engines  undergoing  repairs,  102-105. 

Briquetted  coal,  253-259. 

Castle  nuts,  171 -175. 

Four-cylinder  compound  locomotives,  318-330. 

Fuel  economy,  132-137. 

Mallet  compounds,  243-249. 

Mechanical  stokers,  77-93. 

Revision  of  standards,  279-281. 

Sizes  and  capacity  of  safety  valves,  267-269. 

Subjects,  283. 

Superheaters,  216-230. 

Washing  out  and  refilling  boilers,  154-166. 

Widening  gauge  of  track  on  curves,  106-108. 
Discussion  on: 

Alloy  steel,  137-150. 

Ball  joint  unions,  293-295. 

Standardizing  of  locomotive  parts,  284-293. 

The  smoke  nuisance,  108- no. 

Use  of  noncombustible  smokejacks  in  engine  houses,  259-260. 

M  29 
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Distance  between  backs  of  flanges  of  steel-tired  engine  truck  driver  or 

tender  wheels,  365-366. 
Driving  axles,  specifications  for,  376-377- 
Driving-wheel  centers,  diameter  of,  standard,  366. 
Driving-wheel  centers,  specifications  for,  367-368. 
Dues,  annual,  assessment  of,  56-57. 
Dues  collected,  details  of,  47-56. 


Efficiency  tests  of  locomotives,  standard,  386-404. 

Election  of  officers,  339-344. 

Engine-house  jacks,  use  of,  topical  discussion,  259-260. 

Engine  truck  axles,  specifications  for,  376-377. 

Expenses  and  receipts,  46-47. 

Experiences  with  superheaters,  205-230. 


Firebox,  steel,  specifications  for,  369-372. 

Fittings  for  lubricators,  standard,  383-386. 

Flues,  iron,  boiler,  specifications  for,  373-374. 

Flues,  steel,  seamless,  cold  drawn,  specifications  for,  374-376. 

Forgings,  specifications  for,  377-378. 

Forney,  M.  N.,  obituary  of,  441-444. 

Four-cylinder  compound  locomotives,  results  of  service,  report  on,  295-318; 

discussion  on,  318-330. 
Fuel  economy,  paper  on,  1 10-132. 
Fusible  plugs  in  crown  sheets  of  fireboxes  not  a  preventive  of  overheating 

of  crown  sheets,  438. 


Gauge,  decimal,  standard,  404-405. 

Gauge,  sheet  metal,  standard,  404. 

Gauges  for  cast-iron  wheels,  2fi^, 

Gauges,  master,  for  turning  wheel  centers  and  boring  tires,  367-368. 


H 


Hayden  mechanical  stoker,  71-77. 
High-speed  steel,  topical  discussion,  137-150. 
Honorary  members,  32. 
Honorary  members  elected,  57-58. 
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Improved  combustion,  paper  on,  1 10-132. 

Individual  paper  on  fuel  economy,  1 10-132. 

Individual  paper  on  "  The  Training  of  Technical  Men,"  330-338. 

Invitation  of  American  Society  for  Testing  Materials,  261. 

Iron,  foundry  pig,  specifications  for,  378-379. 


Jacks,  engine  house,  use  of,  259-260. 

Jackson,  O.  H.,  obituary  of,  446. 

Journal  hoxes  and  contained  parts,  standard,.  412. 


Letter  ballot,  circular  relating  to,  345-357 ;  voting  slip,  358-359 ;   result,  360. 

tAmit  gauges  for  round  iron,  365. 

Locomotive  castings,  specifications  for,  380-381. 

Locomotive  performance  should  be  on  basis  of  train  load,  438. 

Lubricators,  fittings  for,  standard,  383-386. 

M 

Mallet  compounds,  conclusions  regarding,  231-243. 

Mechanical  stokers,  report  of  committee  on,  59-74. 

Medway,  Jno.,  elected  honorary  member,  57-58. 

Members  present,  40-43. 

Methods  for  washing  out  and  refilling  boilers,  151- 166. 

Mileage  allowance  for  keeping  up  cost  of  repairs  of  switch  engines,  413. 

Mileage  allowance  for  local  freight  engines,  413. 

Mileage  allowance  of  empty  engines,  413. 

Monda/s  sessiofl,  33-166. 

N 

Nuts,  castle,  report  of  committee  on,  167-171 ;  discussion,  171-175. 
Nuts,  standard,  361-364. 


Obituaries,  committees  on,  59. 
Obituaries : 

M.  N.  Forney,  441-444. 

O.  H.  Jackson,  446-447. 

Edw.  R3ran,  445. 

Orlando  Stewart,  445-446. 
Officers,  election  of,  339-344. 
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Pig  iron,  foundry,  specifications  for,  379-380. 

Pilots  of  engines  to  be  equipped  with  steps  on  front  ends,  438. 

Pipe  unions,  standard,  406. 

Pipe,  wrought,  dimensions  and  threads,  standard,  405-406. 

Player,  John,  elected  honorary  member,  58. 

President's  address,  36-40. 


Radial  stay  boilers  safe  as  crown  bar  boiler,  cleaner  and  more  economical 

in  repairs,  438. 
Recommendations,  413-437. 

Air  brake  and  train  air  signal  instructions,  413-436. 

Basic  principles  for  apprenticeship  system,  436-437. 

Cost  of  repairs  of  switching  engines,  413. 

Mileage  allowance  for  local  freight  engines,  413. 

Mileage  allowance  for  engines  running  light,  413. 
Receipts  and  expenses,  46-47. 

Refilling  boilers,  best  system  for,  151- 154;   discussion,  154-166. 
Reports  of  committees  on  : 

Apprenticeship  system,  175-183. 

Blanks  for  reporting  repairs  on  engines,  93-102. 

Castle  nuts,  167- 171. 

Four-cylinder  compound  locomotives,  295-318. 

Mallet  compounds,  231-243. 

Mechanical  stokers,  59-74. 

Revision  of  standards,  270-279. 

Safety  valves,  262-265 ;    minority  report,  265-266. 

Subjects,  281-283. 

Superheating,  205-216. 

Washing  out  and  refilling  boilers,  151-154. 

Widening  of  gauge  of  track,  106. 
Report  of  Secretary,  43-56. 
Report  of  Treasurer,  56. 
Resolutions,  438-440. 
Resolutions,  report  on,  339. 
Result  of  letter  ballot,  360. 
Revision  of  standards,  report  on,  270-279. 
Running  and  shop  repairs,  440. 
Ryan,  Edward,  obituary  of,  445. 


Safety  valves,  262-266. 

Schmidt,  E.  G.,  Prof.,  proposed  for  associate  member,  58. 
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Screw  threads,  standard,  361-364. 

Secretary's  report,  43-56. 

Section  of  tires,  standard,  366. 

Service  of  four-cylinder  compound  locomotives,  295-318. 

Sheet  metal  gauge,  standard,  404. 

Shop  and  running  repairs,  440. 

Shrinkage  allowances  for  tires,  standard,  366. 

Side  rods  on  engines  from  works  to  railroad  necessary,  439. 

Size  and  capacity  of  safety  valves,  262-266. 

Smith,  A.  W.,  Prof.,  paper  on  training  of  technical  men,  330-338. 

Smoke  jacks,  noncombustible,  use  of,  259-260.. 

Smoke  nuisance,  The,  topical  discussion,  108- no. 

Specifications  for  cast-iron  wheels,  381-383. 

Specifications  for  driving-wheel  centers,  368-369. 

Specifications  for  fire-box  steel,  369-372. 

Specifications  for  iron  boiler  tubes,  373-374. 

Specifications  for  iron  axles,  407. 

Specifications  for  locomotive  castings,  380-381. 

Specifications  for  locomotive  driving  and  engine  truck  axles,  376-377. 

Specifications  for  locomotive  forgings,  377-378. 

Specifications  for  pig  iron,  379-380. 

Specifications  for  steel  axles,  409-412. 

Specifications  for  steel  blooms  and  billets,  378-379. 

Square  bolt  heads,  standard,  364. 

Standards  of  the  Association,  361-437. 

Axles  for  locomotive  tenders,  407. 

Bolt  heads,  361-364. 

Decimal  gauge,  404-405. 

Dimensions  and  threads  of  wrought  pipe,  405-406. 

Distance  between  backs  of -flanges  of  steel-tired  engine  truck,  driver  or 
tender  wheels,  365-366. 

Driving  wheel  centers,  368-369. 

Driving  wheel  centers,  sizes  of,  366. 

Efficiency  tests  of  locomotives,  386-404. 

Fittings  for  lubricators,  383-386. 

Gauges  for  cast-iron  wheels,  336. 

Journal  boxes,  bearings  and  wedges,  412. 

Limit  gauges  for  round  iron,  365.  ^ 

Nuts,  361-364. 

Pipe  unions,  406. 

Screw  threads,  361-364. 

Section  of  tire,  366. 

Sheet  metal  gauge,  404. 

Shrinkage  allowance  for  tires,  366. 

Sizes  of  tires,  366. 

Specifications  for  cast-iron  wheels,  381-383. 
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Specifications  for  fire-box  steel,  369. 

Specifications  for  foundry  pig  iron,  379-380. 

Specifications  for  iron  axles,  407-409. 

Specifications  for  iron  locomotive  boiler  tubes,  yjyZJA- 

Specifications  for  locomotive  castings,  380-381. 

Specifications  for  locomotive  forgings,  377-378. 

Specifications  for  locomotive  driving  and  engine  truck  axles,  ^7^377- 

Specifications  for  seamless  cold-drawn  steel  boiler  tubes,  374-376. 

Specifications  for  steel  axles,  409-412. 

Specifications  for  steel  blooms  and  billets  for  locomotive  forgings, 

378-379. 
Standard  master  gauges  for  turning  wheel  centers  and  boring  tires, 
366-367. 
Standards,  revision  of,  report  on,  270-279. 
Standardizing  of  locomotive  parts,  topical  discussion,  284-293. 
Steel,  firebox,  specifications  for,  369-372. 
Steel,  high  speed,  topical  discussion,  137-150. 
Stewart,  Orlando,  obituary  of,  445- 
Stokers,  mechanical,  report  of  committee  on,  59-74- 
Strouse  mechanical  stoker,  67-71. 
Subjects,  report  of  committee  on,  281-283. 
Superheating,  report  of  committee  on,  205-216. 


Technical  men,  training  of,  330-338. 

Tender  axles,  standard,  406-407. 

Tests  of  briquetted  coal,  249-252. 

Tests  of  cast-iron  wheels,  381-383. 

Tests  of  locombtives,  efficiency,  standard,  386-404. 

Testimonials,  giving  of,  deprecated,  438. 

Thomas,  W.  H.,  elected  honorary  member,  58. 

Tires,  gauges  for  boring,  367-368. 

Tires,  section  of,  standard,  366. 

Tires,  shrinkage  allowances,  366. 

Tires,  sizes  of,  standard,  366. 

Topical  discussion: 

Alloy  steel,  137-150. 

Standardization  of  locomotive  parts,  284-293. 

The  smoke  nuisance,  108- no. 

Use  of  ball- joint  unions  for  steam  and  air-line  connections,  293-295. 

Use  of  noncombustible  engine  house  jacks,  259-260. 
Ton-mile  basis  for  motive  power  statistics,  439. 
Ton-mileage  of  locomotive  a  just  credit  to  motive  power  department  for 

statistical  purposes,  439. 
Training  of  technical  men,  330-338. 
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Treasurer's  report,  "56. 

Tubes,  iron,  boiler,  specifications  for,  373-374. 

Tubes,  steel,  seamless,  cold  drawn,  specifications  for,  374-376. 

Tuesday's  session,  167-260. 


U 


Unions,  ball-joint,  use  of,  293-295. 
Unions,  pipe,  standard,  406. 


Vanadium  steel,  discussion  on,  140-150. 
Victor  mechanical  stoker,  60-62. 

W 

Washing  out  and  refilling  boilers,  151- 154. 

Water  glasses  a  convenience  but  not  a  necessity,  438. 

Wheel  (driving)  centers,  diameter  of,  standard,  366. 

Wheel  centers,  gauges  for  turning,  367-368. 

Wheel  centers,  specifications  for,  367-368. 

Wheels,  cast-iron,  gauges  for,  366. 

Wheels,  cast-iron,  specifications  and  tests  for,  381-383. 

Wheels,  steel-tired,  engine  truck,  driver  or  tender,  distance  between  backs 

of,  365-366. 
Wrought  pipe,  threads  and  dimensions,  standard,  405-406. 
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PAST  PRESIDENTS. 


H.  M.  BRITTON,    . 

1868  to 

1876. 

Deceased. 

N.  E.  CHAPMAN, 

.       1876    "    ! 

[880. 

Deceased. 

J.  N.  LAUDER,       . 

1880    "    1 

t882. 

Deceased. 

REUBEN  WELLS,       . 

.       1882    " 

1884. 

JOHN  H.  FLYNN, 

1884    •' 

1885. 

Deceased. 

J.  DAVIS  BARNETT, 

1884    "    1 

885. 

Acting  President. 

J.  DAVIS  BARNETT,      . 

1885    " 

1886. 

WILLIAM  WOODCOCK, 

.       1886    •• 

1887. 

Deceased. 

JACOB  JOHANN,     . 

1886    " 

[887. 

Acting  President. 

J.  H.  SETCHEL, 

.        1887    " 

1889. 

R.  H.  BRIGGS,        . 

1889    " 

1890. 

JOHN  MACKENZIE,    . 

.        1890    " 

[892. 

JOHN  HICKEY,       . 

1892    " 

1894. 

W.  GARSTANG, 

•       1894    " 

1895- 

R.  C.  BLACKALL, 

1895    "    J 

[896. 

Deceased. 

R.  H.  SOULE,     . 

.       1896    " 

1897. 

PULASKI  LEEDS, 

1897    "    I 

[898. 

Deceased. 

ROBERT  QUAYLE.     . 

.       1898    " 

1899. 

J.  H.  McCONNELL, 

1899    "    1 

1900. 

W.  S.  MORRIS, 

1900    " 

[901. 

A.  M.  WAITT, 

1901    " 

1902. 

G.  W.  WEST,      . 

1902    "    ] 

[903. 

W.  H.  LEWIS, 

1903    "    .1 

1904. 

P.  H.  PECK, 

1904    "    1 

905- 

H.  F.  BALL,    . 

1905    "    1 

[906. 

I.  F.  DEEMS, 

1906    "    I 

907. 

1 

WM.  McINTOSH,     . 

1907    "    1 

[908. 
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